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ABSTRACT
This thesis presents a  design and integration plan for a  Master Name 
Index of the Denver Police Department’s existing and planned databases. 
The design and integration plan is based on requirements developed from 
a  6 m onth working relationship with the Denver Police Department.
Input for the requirements results from working with and observing 
detective, radio room, and D ata Bureau personnel. It incorporates the 
vision of upper m anagement and research into systems of other police 
departments. The design and integration plan is structured to allow the 
M aster Name Index to fit into the Computer Aided Dispatch System 
which is being developed for the department.
The M aster Name Index is designed to increase the functionality of 
the system as a  whole. It is recognized th a t there is no ceiling in the 
design process; given infinite resources, the design would be constrained 
only by the designers imagination. The design considers the limited 
resources available and seeks to provide the required capabilities.
The goal of this project is to provide a  product which, when 
implemented, will increase the productivity of Denver’s police force. The 
design and implementation of the M aster Name Index has been approved 
for presentation to the Deputy Manager of Safety to obtain approval for 
its full scale development.
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C hapter 1 
INTRODUCTION
In August 1989, Captain Fitzpatrick of the Denver Police Department 
(DPD) requested assistance from Dr. R.E.D. Woolsey of the Colorado 
School of Mines in looking into some problems a t DPD. A team  of 5 
students was formed to work with detectives in the Crimes Against 
Persons Division (CAPD). The methodology of students learning the jobs 
of line personnel in the Departm ent of Public Safety followed previous 
thesis projects by Mr. Craig Graham and Mr. Richard Hewitt [Graham] 
[Hewitt] in which methods of siting police and fire stations were 
developed. A spinoff of this project involved developing a prototype 
database management system (DBMS) for the Sex Offense Unit in CAP.
Since many of the functions of this DBMS were currently being 
performed by existing DBMSs managed by the Police D ata Bureau (PDB), 
Dr. Steven Browne of the Safety Office of Policy Analysis requested th a t 
this project be modified. The modification requested involved designing 
an  application which would integrate current DBMSs and make them 
more easily accessible to the user. This application provides an index of 
persons in the existing databases and increases the functionality of the 
system as a  whole. It was given the name, Master Name Index (MNI).
Currently, DPD has several existing, functional DBMSs. The 
development of these DBMSs represents over $250,000 and thousands of 
m an-hours invested by the Departm ent of Public Safety in data resource
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management. A major problem is th a t these databases were designed 
and implemented separately and consequently lack standardization. The 
m ain DBMSs which will be part of the Master Name Index are the 
Offense, Ja il Management and Reporting System (JMARS), and Contact 
Card Databases. Other databases may also be added to the index.
The Offense Database contains data from offense reports used for 
reporting crime statistics and personal description data. The personal 
description data can be used to m atch new suspect descriptions to 
known perpetrators contained in the database. The design and 
programming of the Offense Database was done under contract by Oracle 
Corporation.
The JMARS Database contains detailed information on persons 
arrested and booked for crimes from the time of their arrest through the 
time they are released from incarceration. This data is stored in two 
separate databases with identical structures for the sake of efficiency. 
The first database contains data on incarcerated persons while the 
second contains data on persons who have been released. Both 
databases allow matching of personal descriptions to known perpetrators 
in the database. JMARS was a  development effort of the Police Data 
Bureau.
The Contact Cards Database, also written internally, contains data on 
contacts made by officers of DPD on patrol. A contact card is filled out 
when an  officer encounters individuals involved in suspicious, albeit not 
illegal, activities. An example might be a  carload of youths cruising in a
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back alley a t night. The Contact Card D atabases m ain function is to 
provide leads to detectives by m atching personal descriptions, vehicles, 
and suspicious activities to the persons who were contacted by police 
officers.
The database m anagement software used in these DBMSs is ORACLE 
produced by the ORACLE Corporation. When JMARS is finished being 
rewritten, all the DBMSs will reside on Oracle version 5.1. The PDB also 
has a  UNIX version of dBase III produced by Ashton-Tate. Some of the 
units in DPD have acquired personal computers (PCs) and have 
developed database applications using MS-DOS based dBase III+. 
Problems arising from this situation are discussed in Chapter 3.
The project work for the thesis consisted of approximately 150 hours 
working with future users and m anagers of the MNI. The purpose of this 
was to determine how the eventual users of the MNI were currently 
performing their jobs and to learn about general operations a t DPD. 
Other on-the-job research work involved learning the capabilities of the 
current databases systems and getting feedback on their operation from 
detectives and programmers.
Research conducted for the design of the MNI included a  review of 
relevant literature topics, comparing capabilities of existing metropolitan 
MNIs, and evaluating internal factors which impact on the MNI design.
In the area of internal factors, it was found tha t m any of the situations 
th a t exist in business also were present in DPD and the Departm ent of
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Public Safety. These situations are addressed in the general sense in 
Chapter 2 and specifically in Chapter 3.
The major research issues identified were:
1. Who will use the MNI?
2. W hat capabilities m ust the MNI have?
3. W hat are the related functions desirable for the system?
4. W hat are the requirements from upper management on the
system?
5. How does MNI integrate into the current and planned DPD 
Organization.
6. W hat capabilities do other Police Department’s MNIs have?
The assum ptions and limitations which impact on the development of 
this project are:
1. The MNI is not intended to replace existing databases.
2. Resources (both funding and personnel) for the MNI are 
limited.
3. Design of the MNI is based on requirements identified by 3
March 1990.
The practical applications of this thesis are to provide DPD with a  
MNI design and a plan for integrating MNI into the current and planned
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DPD organization. The origin of this thesis was in a  project for a  
database systems m anagement course. As a  project for this course a 
prototype database was developed by myself and three other graduate 
students a t CSM for one of the units in CAPD. This dBase III-#- prototype 
database will also be provided to DPD. Another product of this thesis is 
a  Query Request Queue Simulation program. This program which will be 
discussed in detail in Chapter 3 was developed to help determine design 
and personnel requirements for the Computer Aided Dispatch (CAD) 
system which will be the major user of MNI. The MNI table structure, 
representative screens, and system diagrams are found in chapter 4.
Following this introduction, I examine relevant DBMS design 
literature in Chapter 2. Chapter 3 is description of the MNI system 
development process. The design of the MNI is presented in Chapter 4 
while Chapter 5 describes how the MNI integrates into the current and 
planned organization a t DPD. Chapter 6 is a  review of the results 
obtained and a synopsis of further work required.
Since this document contains m any acronyms, an  acronym glossary 
has been included in Appendix D.
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C hapter 2  
LITERATURE REVIEW
In this chapter I examine relevant literature primarily pertaining to 
the pitfalls in designing a  database for a  large business or organization. 
Other literature examined consists of two statistical references and 
m aterial acquired from the Phoenix Police Department.
Prior to starting any database application the designer m ust first 
understand how the application is going to be used. Projects undertaken 
without this level of background knowledge will not m easure up to the 
expectations of the user. ORACLE, the database m anager used by DPD, 
has introduced its own development tool, the CASE Method. This 
method, described in Mastering Oracle [Cronin], incorporates user 
interviews, feedback sessions, systems analysis, and modeling 
techniques to aid the designer in gaining the required knowledge of the 
client’s business. This method is further described in "The Analytical 
Hierarchy Method" [Saaty].
During the process of learning the system the designer may find tha t 
simply understanding the user end of the business is not sufficient to get 
started. A full analysis of the requirements and constraints imposed by 
upper level m anagement is necessary to determine w hat rules the 
application m ust exist under. These requirements and constraints may 
take the form of current hardware/software limitations or guidance to 
design an application to take advantage of planned future capabilities. 
There may be differences of opinion between the data m anagers and data
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users in how applications should be designed. Differences of opinion 
may also arise between the designer and data m anagers/users during 
the early design process. Specifics of these experiences in DPD will be 
discussed in Chapter 3.
Early design efforts which looked a t the entire operation of the client, 
described as enterprise modelling [Kerr], were top-down in nature. A 
major problem with the top down method is the num erous meetings 
required with upper level management. These people are normally busy 
and it is difficult to schedule meetings around their schedule. Without 
their input a  top-down design is impossible. An alternative to this 
approach is to design from the bottom-up. The bottom-up process 
described by Kerr is to develop an enterprise model by building smaller 
"project-level models". These are then brought together into a  "logically 
consistent enterprise model." There are a  couple advantages to using 
this method of design. The am ount of top level management’s time is 
minimized and m anagers monitor ra ther than  direct the design effort. 
The other advantage is increased user satisfaction. Users tha t 
participate in the design process are generally happier with the result.
The evolution of data resource management [Appleton 1] began as a 
bottom-up process when data adm inistrators established the naming 
conventions and Bachm an diagrams [Pratt & Adamski] to design 
application databases. The process turned to top-down designs with the 
use of entity relationship diagrams to model data which eventually 
m atured into the enterprise modelling [Kerr] described by Kerr. Appleton
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describes the merging of top-down and bottom-up modelling as 
rule-based data resource management. The top-down and bottom-up 
aspects of design in the DPD M aster Name Index project are described in 
chapter 3.
Once the designer starts interacting with users and database 
adm inistrators, he may find th a t he has entered into the midst of an 
information tu rf battle. Information and data are resources; the quest 
for control of these resources may result in conflict between users and 
database adm inistrators. For a  designer to get cooperation from both 
sides in this situation, he m ust untangle the tu rf problem. The "law of 
the data jungle" [Appleton2], described in an  article by the same name, 
attem pts to do ju s t  that. The first law differentiates between data, 
information, and knowledge. "The responsibility of Information Resource 
Management... is to manage, store, give access to and provide the ability 
to m anipulate and communicate...data." With the introduction of 
personal computers into the user environment, users have encroached 
on the data manager’s turf. Attempts by the data m anager to gain 
control of the situation are viewed as intrusions into the user’s turf. If 
control is no t maintained, information pollution results. Information 
pollution can be described as a  situation where multiple noncongruent 
sets of data  exist, or, volumes of irrelevant data m ask the relevant data. 
The impact of this problem on the MNI design is discussed in Chapter 3.
One main goal of the MNI is to integrate the functions of existing 
databases in DPD. Many businesses as well as local, state, and federal
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government agencies are faced with situations where data resides on 
different, non-compatible databases. The differences range from 
incompatible versions of the same database software to databases 
running on different operating systems. A common approach in solving 
this problem is to "build a  homogeneous environment" [Appleton3] for all 
database applications. While this may solve the immediate problem, it 
doesn’t  account for the fact th a t information m anagement exists in a  
rapidly changing environment. An agency which m andated th a t their 
data exist on a "state of the art" system 15 years ago would be severely 
limited in their capabilities now. The second "law of the data jungle" 
[Appleton2] reveals tha t data lifecycles very often outlive system 
lifecycles. Examples of this are many; businesses or agencies th a t deal 
with data  on people over the course of many years fit into this category. 
Their data outlive their systems. Designers m ust therefore plan for 
change.
Structured Query Language (SQL) in a  standardized language for 
database management. SQL, however, does not solve compatibility 
problems between SQL database products. In his article [Date], C.J. 
Date describes three major shortcomings of SQL. These are omission of 
im portant relational features, lack of orthogonality, and redundancy.
The official ANSI standard for SQL omits several commonly used 
features. As a  result, SQL implementations differ not only from each 
other b u t from the standard as well. These factors emphasize the need 
to plan for a  changing information management environment.
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It is incum bent on the designer to discover potential glitches in the 
design phase where they may be more easily corrected. Some design 
constraints may not be readily apparent. The designer m ust look a t the 
system as a  whole to see if any potential systematic problems arise. One 
area of concern which I uncovered was the anticipated frequency of 
accesses and whether bottlenecks in the system of getting information to 
the police officers could occur. This involved observing the current 
dispatch system in operation and simulating likely scenarios to 
determine resulting typical queue sizes. Statistical texts [Walpole & 
Freund] describe relationship between Bernoulli, binomial, and Poisson 
distributions which were used in developing this simulation.
Research into existing MNIs also provided valuable information 
[Phoenix PD]. The Phoenix PACE system was studied because its 13 
million dollars worth of hardware and software components and 10 year 
experience with a  computer aided dispatch system makes it an  excellent 
benchm ark for comparison.
In summary, this literature review addressed problems 
encountered in information management. Examining user and manager 
requirem ents is not enough to s ta rt the design. By examining 
relationships between data users and data managers I gained an  insight 
into how the MNI requirements m ust be shaped to fit into the current 
system. As an  outside observer, I found myself in a  good position to
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identify a few obscure situations which impacted on the design. My 
experience in developing the design for the MNI is addressed in Chapter
3.
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C hapter 3  
SYSTEM DEVELOPMENT
3 .1  In trod u ction
The scope of this project changed considerably throughout the 
development of the MNI design. As a  result, the final design grew out of 
a  collection of the many experiences I had with the DPD. This chapter 
discusses areas described in the Background Investigation Section which 
shaped the requirem ents for the MNI. In the following section, these 
requirements are defined as they pertain to the MNI and the related 
systems.
3 .2  B ackground In v estig a tio n
3 .2 .1  G eneral
At the inception of this project, I spent approximately 100 hours 
working with the detectives in the Crimes Against Persons Division 
(CAPD). This bottom-up design method, performing the actual jobs done 
by the users of a  system, was crucial to my gaining an  insight to the 
capabilities required by the MNI. This experience also exposed m any of 
the situations described in the literature review. There is a  definite 
us-they feeling between the detective units and the Police D ata Bureau 
(PDB). An interesting note, however, is tha t the basis for this feeling is 
more perceptions of differences ra ther than  actual systematic problems. 
The feeling tha t the PDB is not responsive to the needs of the detective 
units is primarily due to a  shortage of personnel and hardware/software 
limitations. For example, some detective units in CAP acquired PCs and
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wanted help setting up and maintaining dBase III+ and dBase IV 
databases. PDB doesn’t  use either software packages and therefore 
doesn’t  m aintain m uch proficiency in them. Lack of information on the 
"big picture" has caused some m istrust to develop. While this may not 
impact on the design of the MNI per se, any system designed will suffer 
without the detectives participation in the input of accurate, complete 
information into the Offense Database.
3 .2 .2  U ser Id en tifica tio n
During my initial investigation, I was under the impression tha t the 
only users of the MNI would be the detectives. This was because my 
work a t DPD started as a  project in CAP which consists of detectives. As 
the project grew into a  thesis, my "client" changed to the Deputy 
Manager of Safety, Mr. Charles D. Weller. As I was to find out in my 
initial project sta tu s brief to Mr. Weller, detectives were not the only 
police personnel which would be using the MNI.
The m ost frequent users of the MNI will be the police officers on patrol 
which can num ber over 200 units on duty a t a  time. A yet to be 
implemented Computer Aided Dispatch (CAD) System will eventually pu t 
mobile display terminals in approximately 200 police cars. During the 
implementation of this program, combinations of MDT and non-MDT 
equipped units will be accessing MNI. Because this requirement dealt 
with planning for an  expected future capability, it surfaced during 
top-down designing. This situation points out the need for 
sim ultaneously performing top-down and bottom-up design. Had I
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uncovered this requirem ent earlier, I could have divided my background 
investigation time evenly between working with detectives and police 
officers. As a  result of my discovering this requirement late in the 
project, the depth of my understanding of the police officer’s 
requirements comes from personal interviews, discussion with 
m anagement personnel, and analysis of the effect of the potential volume 
of inquiries in a  limited time span on system response time. I also 
worked a  busy shift in the radio room to gain an  understanding of the 
dispatch process.
3 .2 .3  C urrent O rganization  
Detectives:
The detectives may access the PDB databases directly and 
perform research on their cases. The goal in the majority of 
detective searches focuses on getting possible suspect’s nam es from 
matching descriptions or modus operandi information. The 
terminals are located in each detective unit’s area, however, not all 
units have printers hooked up.
The major problem area for the detectives is the lack of adequate 
num bers of detectives trained in the use of the PDB databases 
(training is available through PDB). The training problem is 
exacerbated by the different procedures required to access each 
database. This has resulted in detectives using the databases less 
frequently than  one would otherwise expect.
A diagram showing how a detective would use the PDB
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databases and ID Section as currently configured is shown in figure 
3.1. In many of the cases received by detectives, the identity of the 
suspect in the case is already known. When the suspect’s identity 
is unknown, the detective can use the PDB’s databases to get a  list 
of possible names. This is done by performing queries to m atch 
partial nam es or descriptions obtained from witnesses with nam es 
and descriptions in each database. Once the list of nam es has 
been reviewed to remove persons who could not have committed the 
crime, the detective m ust get the victim or witness to identify the 
suspect; this can be done by a  photo lineup. Pictures of suspects 
can be obtained from the DPD Identification Section or the 
Departm ent of Motor Vehicles (DMV). Once the suspect has been 
identified by the witness or victim, the detectives can obtain an 
arrest w arrant and search the databases again for detailed 
information on the suspect which may aid in his apprehension.
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Figure 3.1 Current Detective Search Steps
Another problem is th a t some units are maintaining their own 
databases on PCs using dBase III+/ dBase IV. Some of the 
information being stored in these databases falls into the category 
of common information, or information which should be available to 
persons outside the un it through the Offense Database. The fallout 
from this situation is th a t some of the updates posted to the units 
database don’t  get accurately posted to the Offense Database. This 
is an  example of w hat Appleton calls "information pollution." The 
solution to this problem lies in getting the detectives more involved 
in the data entry of this database. The procedures now involve data
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entry personnel gleaning information from supplemental reports to 
enter into the database. Aside from the potential for these reports 
not to make it through channels to the data entry personnel, the 
possibility th a t text information from the supplemental report will 
get m isinterpreted is always present. There are no verification 
checks by the detectives to ensure their cases are entered correctly.
Uniformed Officers:
Currently, officers on patrol receive no benefit from the PDB 
databases. Information accessed for the officers on patrol is from 
the external databases which provide information on wanted 
persons as well as driver’s license and vehicle registration 
information. These are the National Crime Information Center 
(NCIC), the Colorado Crime Information Center (CCIC), Departm ent 
of Motor Vehicles (DMV), and Denver County W ants and W arrants 
(DCWW) databases. Officers need general information about many 
individuals. The identity of these individuals is normally known, as 
they are probably being detained during the query. This is in 
contrast to the detailed information required by the detective. The 
scenario for the uniformed officer using the MNI would be th a t the 
officer calls in the nam e and date of birth  of a  person he has 
detained to a  terminal operator. The terminal operator then  enters 
the name into the MNI and other databases then relays information 
on the detainee through one of four dispatchers to the requesting 
officer. If more detailed information was required, the terminal
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operator could query one of the DPD databases. This information 
would be relayed as described above.
The current system for police officers requesting information is 
depicted in figure 3.2. Police officers call in query requests over a  
separate radio frequency to database query personnel. These 
personnel process the query and record the information on a  card. 
This card is transported via a  conveyor system to the appropriate 
dispatcher who calls the results to the requesting officer.
CURRENT POLICE OFRCER DATABASE QUERY
POLICE
OFRCER NCIC
CCICDATABASE
QUERY
PERSONNEL DMV
DCWW
DISPATCHER CARD CONVEYOR LINK
RADIO LINK
Figure 3.2 Query Request Procedure
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3 .2 .4  Problem  A reas
User Expectations:
The implementation of the CAD system is an  example of how the 
design expectations of the current group of users (detectives) can 
differ from those of higher level management. In the case of the 
detectives, an MNI design which would yield a  greater am ount of 
information during an  initial query a t the expense of access time is 
favored. This is because there is a  relatively small group of 
detectives making a few in depth inquiries per day. Upper 
management, however envisions a  far greater num ber of persons 
accessing the MNI m any times during the day, requiring far less 
information per query. To gain universal acceptance the design of 
the MNI m ust offer an  improvement over existing conditions to both 
groups of users.
Impact on Dispatch System :
With the increase of information available to the police officers, 
increased requests for this information will strain  an  already tight 
system. Personal observation of the radio room on a Friday night 
made evident to me th a t the personnel working didn’t  need more to 
do. All three sections of the dispatch system, call takers, 
dispatchers, and database query personnel had their hands full. 
The impact of the expected frequency of use on the design strategy 
is significant, as shown below.
During a  busy period, such  as a  Friday night the dispatchers
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may handle anywhere between 175 to 225 mobile units. The 
average num ber of calls per hour to the station on a  Friday between 
3 PM and 11 PM for 1989 was 159. Lt. M ulheam  of the radio room 
estimated that, during this period, officer initiated actions account 
for another 80 calls per hour. With this total average of nearly 240 
calls for service per hour, it is not unreasonable to assum e tha t an 
equal num ber or more requests for MNI and other database 
information could be required of the system. Certainly some calls 
would not require MNI information; conversely, a  carload of persons 
stopped by an officer could result in 4-6 MNI inquiries. From my 
observations it took the database query personnel between 30 and 
45 seconds to complete a  query. This process of clearing inquiries 
started backing up when 6 or more queries were awaiting 
processing by the 2 stations handling the requests.
In the future, MDT equipped police units will be able to perform 
certain types of queries w ithout involvement of dispatchers or 
database query personnel. Non-MDT equipped un it queries and 
queries requiring more detail than  can be performed on the MDT 
will continue to be handled by database query personnel, 
dispatchers, or a  combination of the two.
3 .2 .5  S im u la tion  o f 9 u ery  Load
The implementation of MNI will probably spark  an  increase in inquiry 
requests due to the new information available to the police officers. This 
increase, depending on the MNI design, will effect the time required to
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process each inquiry. A critical problem is determining w hat query load 
a given num ber of stations which will perform these queries can handle. 
To answer this question, I created a  simulation model to examine the 
loading effects of MNI on the dispatch system.
Calls th a t come in a t a  specified rate per hour do not arrive a t 
uniform time intervals. Using a  Poisson process one can predict w hat 
percentage of the time a  set num ber of calls will arrive in a  specified time 
interval. This, however, does not help m uch in determining the system’s 
ability to handle the rate of requests. The m easure of whether a 
combination of stations with a  given average processing time can handle 
a  given query load is determined by the num ber of requests waiting to be 
processed which accrue during the observed period. If a t any time 
during the period the num ber of requests reach an  unacceptably high 
level, some officers will refrain from making requests and the increased 
response time for requests will adversely affect the efficiency of the officer 
on patrol.
Since it takes about 10 seconds to call in a  request, the maximum 
num ber of requests th a t can come in per independent receiving station is 
6 per m inute or 360 per hour. If there are two receiving stations, for 
example, the maximum num ber of requests th a t could make it into the 
queue is 720. If an  average of 360 calls per hour came in to the two 
stations, for example, the probability th a t a  call would be initiated in a 
ten second block of time a t one of the stations is .5. Since the request 
takes 10 seconds to complete, there can never be more than  1 request
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per station entering the queue during a ten second period. Likewise, a  
request can always be initiated in the next interval following a  request. 
The intention to make a request by a police officer is independent of 
whether there is a  request being taken from another officer. Since, the 
new request will follow the previous request immediately upon its 
completion, the fact th a t requests will overlap into the following time 
interval doesn’t significantly diminish the probability of th a t interval 
receiving a  request.
The model generates a  Bernoulli probability based on the rate of 
incoming calls and the num ber of receiving stations. This probability for 
each station receiving a  request is computed as:
P(X =l)=rate o f  req u ests per h o u r /(3 6 0  * # o f  sta tio n s)
To m easure calls entering the queue, the model generates a  random 
0-1 uniform number. If this num ber is less than  or equal to the 
computed Bernoulli probability, a  request is entered into the queue from 
th a t station. The total num ber of requests entering the queue for a  10 
second interval is the sum  of the requests computed to have been 
received by the stations.
Request processed a t a  fairly constant rate. A fraction of a  query 
determined by the estimate of inquiry processing time is subtracted from 
the queue every 10 seconds for each station. The num ber of requests in 
queue for a  ten  second interval equals:
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# o f  req u ests from  + # o f n ew  # o f req u ests
th e  p reviou s in terv a l req u ests p rocessed
The model allows the user to set param eters of num bers of calls 
received per hour, num ber of stations, average processing time, and 
length of simulation to conduct sensitivity analysis. The model code is 
listed in Appendix A and sample simulation runs are contained in 
Appendix B.
Two scenarios were chosen for simulation. The first represents the 
situation which is likely when MNI is first implemented. Large num bers 
of MDTs are not yet fielded and the majority of queries are relayed 
through database query personnel. There are two receiving stations 
which process 240 queries per hour from a from a  common queue during 
a  2 hour peak load.
The following graph shows the effect of changing the average 
processing time on the num ber of requests in the queue per station. A 
major finding here is tha t a t peak request periods, increasing or 
decreasing processing time by as little as 1 /6  may determine whether 
the system is functional or backlogs with an  unacceptable num ber of 
requests in queue (See pages B-2 through B-7). For the purposes of this 
comparison, having more than  3 requests in queue per station for more 
than  10% of the time is unacceptable.
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Effect Qf Reducing Processing Time 
From 30 to 25 Seconds 
Queue Type = Common # q f  Stations = 2 
Query Load = 240/hour
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60
50
40
[0 .1) [1.2) >3
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Figure 3.3 Query Processing Time Graph 
Notice th a t the left (30 second) group has a dramatically greater 
percentage of queues in the [2,3) and >3 ranges compared to the right 
(25 second) group. The 30 second scenario is unacceptable, generating 
queues greater than  3 50% of the time. The 25 second group is 
acceptable, with queues greater than  3 appearing less than  10% of the 
time.
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The second scenario modelled produced another finding; when the 
system is designed for requests to enter a common queue, the system 
can more easily handle the "lumpiness" or uneven rate of incoming 
requests. The assum ption is th a t the MDTs are fully deployed, resulting 
in a  m uch lower rate of queries th a t require personal involvement to 
process. The dispatchers are now handling the routine query requests 
and dedicated query personnel only perform detailed searches of the PDB 
databases. This result comes from comparing runs with a  common 
queue against the 4 dispatchers handling their own districts requests 
from separate queues. The following graph depicts this scenario where 4 
dispatchers are receiving 80 calls per hour (common queue) versus 1 
dispatcher receiving 20 calls per hour (separate queues). In both 
scenarios, dispatchers are completing one query every three minutes.
The reduced processing rate is due to the dispatchers having to perform 
their dispatching functions as their primary duty. To reflect the 
proportional num ber of requests in the queue, results are tabulated on a 
per station basis. A similar criteria of 3 or more requests in the queue 
for more than  10% of the total time being unacceptable is used (See 
pages B-8 through B-15).
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Effect Of Using Common Queue Versus 4 Separate Queues
Common Queue Separate Queues
Query Load = 80/hour Query Load ■ 20/hour 
# q f Stations  = 4  # q f  Stations = 1
Processing Time = 3 min Processing Time = 3  m in
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Figure 3.4 Queue Type  Comparison Graph 
Again, the group on the left (4 separate queues) has an  unacceptably 
large percentage of queues in the over 3 range. The right group (common 
queue) has less than  10% of queues in the over 3 range and is acceptable 
for the given processing time and query load combination.
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With the future installation of MDTs in DPD’s patrol cars, officers will 
be able to make their own queries. At this time, DPD may use this model 
to analyze the effect of cutting database query personnel or having 
dispatchers get clearances for those cars without operational MDTs.
3 .2 .6  C urrent and P lanned C apab ilities
In determining what capabilities the MNI should have, I needed to 
find out w hat capabilities were already present or planned in the existing 
databases and related systems. This consisted of attending formal 
training classes on the current databases and analyzing their structures. 
I was surprised to find many of the requirements which the detectives 
need were in place or in the process of being procured. One potentially 
useful tool is an  Identification System which would store pictures, 
descriptions, and fingerprints of individuals arrested in Denver on disk. 
This system, which I will not describe in detail is reported to have a 
description matching capability. This, coupled with the ability to retrieve 
photographic quality images of suspects, will provide detectives with 
probable suspect nam es which they can then research through the MNI.
The planned CAD system and the existing PDB databases provide the 
other major capabilities in the system. Currently there is no access to 
the PDB databases provided to the officer in the field. This deficiency 
surfaced as a  major requirement for MNI.
PDB plans on increasing their num ber of databases in the future.
This is due in part to detective units th a t develop databases to store data 
about subjects which s ta rt out as shared or un it data. As stated in the
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literature review, this data can m ature into common data or data which 
is needed by more than  one unit. At this time these databases should be 
’’harvested" by PDB and made available to the entire department. An 
example of a  database tha t is near to making this evolution is a  database 
on gangs developed by the Gang Unit. In light of this fact, the MNI m ust 
be designed to accommodate this growth.
3 .2 .7  P rototyp e D evelop m en t
As stated in Chapter 1, a  prototype dBase III+ DBMS was developed 
for a  CAPD Unit. The original purpose of this prototype was to replace 
the database currently used by the Sexual Offense Unit and to provide 
greater functionality and user friendliness. This prototype allows 
detectives to enter their case data  and perform matching of descriptions 
and modus operand! to suspects in a  m enu driven environment. The 
prototype was also a  testbed for design features to be used in the MNI.
The requirem ent th a t the MNI be compatible with existing databases 
limits the utility of this dBase III+ prototype to a  case managing tool for 
the detective units. Also, the PDB lacks the manpower to support a  
variety of software precluding their providing m aintenance and technical 
support for implementation of the prototype in a  larger role than  
handling internal un it data. The prototype is provided to DPD for their 
use as a  Unit Case Manager.
3 .2 .8  Sum m ary O f K ey Issu es
1) The MNI will be used primarily by two separate groups, 
uniformed officers and detectives.
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2) The focus of a  detective query starts with getting a  nam e to 
m atch a  description then to acquire in depth information of the 
suspect.
3) The detectives are interested primarily with known suspects 
and habitual offenders.
4) The focus of a  police officer query is to obtain a small am ount 
of information about a  person with a  known identity.
5) The police officer deals with a  m uch larger group of people 
than  the detective.
6) Most detective requirem ents are currently addressed in the 
existing databases, although there is room for improvement.
7) The volume of potential queries from the police officers 
requires th a t access time per inquiry be kept to a minimum.
8) The MNI m ust have the capability to accommodate additional 
databases and, periodically, different versions of Oracle during 
the transition process to a  newer version.
3 .3  R equirem ents A n alysis
3 .3 .1  D atabase M anager
The database m anagement software for MNI will be Oracle 5.1 or 6.0 
depending on the version available when it is programmed. PDB 
personnel are trained on Oracle and it is the software in use for the other 
databases maintained by PDB.
T-3903 30
3 .3 .2  C om parison o f C apab ilities W ith O ther D epartm ents
The PACE System is the Phoenix Police Departm ent database system. 
It was funded with a 13 million dollar bond issue and has been in place 
for about a  year. It incorporates Name Index, CAD, and databases very 
similar to those of Denver. It is used as a  comparison of functionality for 
the development enhancem ents to the Denver Organization. It is a  
system like w hat Denver would adopt if the same resources were 
available.
Phoenix databases which Denver PDB doesn’t  m aintain are:
Business Name Database.
Vehicle Impound Database.
Query Audit Databases.
Known Offender Database.
The major capabilities lacking in Denver are:
* Database users m ust query databases separately.
* There is no index of nam es for the databases.
Features which are lacking:
* Electronic message between terminals
* Printer output selection.
Expert mode queries.
* Address validation.
* Age calculation from DOB.
* Date format conversion.
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From looking a t the Pace System Detailed Design Document, the 
system appears to be more user friendly than  the Denver system due to 
its integrated design. This is expected from such an  expensive system 
built from the ground up. The system also integrates with the Phoenix 
CAD System. The capabilities denoted with an asterisk (*) are designated 
to be satisfied in Denver by the implementation of CAD and MNI.
The lack of the Query Audit database and Business Name databases 
is not considered significant. The Query Audit is used to charge external 
agencies for database use in Phoenix. A similar function could be 
developed for Denver if external agency use warranted it in the future. 
Discussions with Phoenix database personnel revealed th a t the Business 
Name function received little use. Similarities of the two departm ents 
indicate th a t developing this database should receive little if any priority.
Known offender type databases are planned for development in the 
near future and will require indexing by the MNI. Keeping records of 
vehicles impounded could also be handled by PDB if it was deemed 
necessary, however, this database doesn’t  require indexing by the MNI.
3 .3 .3  In tegration  W ith O ther D atabases
As previously stated, DPD uses Oracle for its database applications.
It is infeasible, however, tha t when DPD adopts a  future version of Oracle 
th a t PDB will be able to bring all of its databases up  on the new version 
simultaneously. The MNI m ust therefore be designed to handle this 
situation. Design strategies which include common tables to allow 
multiple databases to be queried simultaneously were rejected for this
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reason. The additional requirement to easily index persons from future 
databases makes it necessary for the MNI to "stand alone" and not be 
tied to a particular database software product. The existing databases 
the MNI m ust index are: Offenses, JMARS (Active), JMARS (Released), 
Contact Cards, DUI, Gun Registration, and Arrests. Another database 
not controlled by DPD is Citations. It is desirable to include this in the 
index, however, it will require some special procedures as it does not 
reside on a PDB database. Future and planned databases for indexing 
include Gangs, Known Drug Dealer, and City Official databases.
3 .3 .4  S y stem  In tegration
MNI m ust integrate the PDB databases with the systems which 
service the two m ain groups of users in DPD, the uniformed police 
officers and the detectives. The system which will provide the greatest 
service to the police officers is the CAD system. Detectives, on the other 
hand, access the PDB and external databases through the terminals in 
their un it areas.
Police Officers:
CAD will service officers and detectives in the field. Initially, the 
information the officer needs to know is simply whether the person 
he has detained has been listed in a PDB database, is wanted, or 
has a  valid driver’s license and vehicle registration. The PDB 
database information m ust be combined with information from the 
NCIC, CCIC, DMV, and Denver County W ants and W arrants 
databases in a  format which will allow display on a  32 by 8
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character MDT screen.
The CAD system m ust have a t least two database query stations 
in the radio room to query the MNI until such a  time th a t the 
majority of DPD’s patrol cars are equipped with MDTs. When 
DPD’s fleet is fully equipped. non-MDT requests for MNI queries 
could probably be handled by the dispatchers with one or two 
persons handling requests for more detailed searches of one of the 
indexed databases. This requirement was surfaced by the 
simulations reported in section 3.2.5.
The system should allow the user to input a  name or motor 
vehicle information one time and distribute the queries to the 
appropriate external databases as well as perform the MNI query. 
The system should also allow entry into the PDB databases w ithout 
operators having to log off MNI and log on to the indexed database. 
These features will speed up the query process and allow more 
queries to be processed without creating a backlog.
Detectives:
The entire system, of which MNI is one part, m ust aide the 
detective in getting a  list of possible nam es from a description, 
having the victim or witness identify the suspect, and getting 
detailed information about possible suspects. Getting a list of 
persons fitting a  description can be presently accomplished through 
queries of the Offense, JMARS, and Contact Cards databases. The 
persons matching the description param eters can then  be
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investigated further and pictures obtained from the ID section to 
show in a  lineup to victims and witnesses. This process will be 
greatly facilitated by the procurement of the new identification 
system for the ID section. This equipment will perform description 
matching and store mug shots and fingerprints of arrested persons 
on electronic media. Detectives will be able to obtain hardcopies of 
mug shots and fingerprints directly from this equipment. Once the 
suspect has been identified, the MNI will provide detectives with an 
index where detailed information on individuals being investigated 
is located.
The two previously discussed problems with this process, lack of 
detective involvement to insure accurate and complete database 
information, and the need for increased user friendliness m ust be 
addressed by MNI. The MNI m ust increase detective acceptance of 
the system by providing a  "friendly" interface to accessing all the 
PDB databases. A change in the procedures of data entry into the 
Offense database which requires more detective involvement should 
also be considered.
MNI m ust be implemented with sufficient printers and 
terminals to service the detective units. Most if not all units have 
access to a terminal b u t some terminals don’t  have printers. MNI 
m ust provide, as a  minimum, a  "screen dump" capability to allow 
detectives to obtain a hardcopy of their queries.
T-3903 35
3 .3 .5  M aintenance F u n ction  R equirem ents
The administrative requirem ents include input and update. The data 
input m ust come from new entries in the indexed databases. The desire 
of the database m anager is th a t this process be ru n  during the night 
along with other such processes currently being performed. An update 
function is also necessary to correct data tha t is found to be inaccurate.
3 .3 .6  In form ation  C onten t R eq uirem ents
The index merely needs to provide an  indicator as to w hat databases 
contain information about the suspect being investigated to be 
functional. Since data will be archived when it reaches a  certain age, It 
would be very useful th a t this indicator also contained information on 
when the first record on the person was made. This tells how far back 
the investigator m ust go in his research. Since archived records are 
grouped by calender year, this can be done with a  2 digit numeric 
character which signifies the year the individual entered the indexed 
database.
The databases and their abbreviations which m ust be indexed are:
The Offense Database abbreviation contains a blank in the second 
character to indicate tha t in the display the two Offense columns will
Offenses (OJ DUI (DU)
Arrests (AR)JMARS (active) (JA) 
JMARS (released) (JR) 
Contact Cards (CC)
Gun Registration (GR) 
Citations (CT)
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have an  ’S’ or an  ’N* for the second character. This indicates whether the 
person is entered in the database as a  suspect or a  non-suspect (witness, 
victim, etc.)
3 .3 .7  S y stem  S torage R equirem ents
Requirement estim ates are based on a 30 character name field, a  six 
character date of b irth  field, and two digit numeric fields for each of the 
nine databases indexed. An example record is shown below:
Name DOB DPD# OS ON JA JR CC DU AR GR CT
Smith/J ohn/David 030756 123456 83 84 86 82 88 84 86 87 81
As the num ber of indexed databases increases, m any more people will 
be indexed in the MNI. Denver booked over 44,000 persons last year. 
PDB provided an  estimate th a t 19,000 to 20,000 of these were first time 
Denver bookings. If MNI is to keep a  20 year record of bookings, a 
planning figure of 400,000 nam es can be derived from the JMARS 
database alone. Offenses will probably not increase this load by m uch as 
the majority of these persons have been or will be booked a t some time 
and therefore are included in the JMARS figure. Contact Cards, DUIs, 
and other indexed databases will add to the planning figure (the citations 
database included over 350,000 unique names), however, how many new 
nam es they will add is not readily obtainable. Storage requirements are 
therefore shown for 400,000, 500,000, and 600,000 nam es in the index.
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400.000 - 25.0 MBYTE
500.000 - 30.6 MBYTE
600.000 - 34.8 MBYTE
With 500,000 individuals in the index, every 2 bytes of additional 
information stored on an  individual increases storage requirements by 
approximately one megabyte.
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In summary, the system development and requirem ents outlined in 
this chapter developed from my 6 m onth association with DPD, outside 
research, and simulation of the planned total system. These 
requirem ents drive the design of the MNI itself and plans for its 
integration into DPD. The next chapter will deal with the specifics of the 
MNI design. Chapter 5 will address MNI integration.
coKSS S5L“*M"
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C hapter 4  
MASTER NAME INDEX DESIGN
4 .1  In trod u ction
The M aster Name Index (MNI) is an  index of nam es in the Police D ata 
Bureau’s (PDB) databases. It also consists of a  series of application 
programs which integrate database queries from the Computer Aided 
Dispatch (CAD) system. The goal of MNI is to increase the availability of 
information to the detectives and police officers of the Denver Police 
Department (DPD). It is expected th a t the builders of MNI will be 
knowledgeable of the DPD CAD system and the existing PDB databases.
This chapter contains the design of the MNI as determined by the 
requirements defined in Chapter 3 of this thesis. The MNI design 
includes the Name Index table, domain descriptions, MNI Menu and the 
Applications System design.
The system has two categories of users, detectives and police officers. 
Police officers will use the system via radio links on CAD Mobile Display 
Units (MDTs) or by relaying requests by voice radio. Detectives and other 
DPD personnel not operating in the field use the system via terminals 
connected to the Information System Network (ISN). MDT queries are 
handled through the CAD system. Voice radio requests are handled by 
either database queiy personnel or dispatchers.
Application functions will provide users with increased ease and 
efficiency over the current methods of operation. These applications are 
selected from the MNI Main Menu for terminals and from embedded
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commands for the MDTs and CAD terminals.
Integration of the MNI into the CAD and PDB database systems will 
be discussed in Chapter 5.
4 .2  D atabase Sum m ary
The MNI contains one table called the Name Index. The Name Index 
has 12 columns, with probable expansion to 14 columns within two 
years. There are 2 columns which contain the primary key (the name 
and date of b irth  columns), a  column for the DPD number, and nine 
additional columns, each of which represent an  indexed database. When 
a  new nam e is added to the nam e index, entries are made in each of the 
columns. The entries in the indexed database columns are either a  2 
digit year entry, designating when the person first entered the 
corresponding database or 2 blanks which denote a  null entry. The 
resulting fixed length record, while costing 2 bytes per null in storage 
space, allows the record to rem ain together following updates to the 
record where dates will replace nulls. This will provide increased disk 
access efficiency over a  more space efficient variable length record 
strategy. The Name Index as a  relation is in domain key normal form.
4 .3  N am e Index D esign
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4 .3 .1  Nam e Index Table
41
Attribute Description Domain
Name Person’s Name Formatted Name
DOB Person’s DOB DOB
DPD_No DPD Number DPD Number
Offense_S Offense Suspect Column Date of First Entry
Offense_NS Offense Non-Suspect 
Column
Date of First Entry
JMAR.A Active JMAR Column Date of First Entry
JMAR_R Released JMAR Column Date of First Entry
Contact_Cards Contact Card Column Date of First Entry
Arrests Arrest Column Date of First Entry
DUI DUI Column Date of First Entry
Gun_Regis Gun Registration Column Date of First Entry
Citations Citation Column Date of F irst Entry
4 .3 .2  D om ain D escrip tion s
The 4 domains in the MNI Table, Name, DOB, DPD Number, and Date 
of First Entry are described as follows. The Name domain is 30 character 
alphanumeric field with slashes (/) separating the first, last, and middle
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names. The DOB domain is a  6 digit numeric field in a  (D)ay, (M)onth, 
(Y)ear (DDMMYY) format. The DPD num ber is a  six digit num ber 
assigned to persons who have been booked a t one time. The Date of 
First Entry domain is a  2 digit numeric field in a  (YY) format which 
designates the year of first entry into the database.
4 .4  A pp lication  S y stem  D esign
4 .4 .1  Sum m ary o f A p p lication s
The MNI contains 10 applications which are available on the MNI 
Menu. The first 3 applications are the General, the Name Index, and the 
Departm ent of Motor Vehicle queries respectively. The next 7 
applications allow the user to enter one of the indexed databases.
The 3 query applications give the user the choice between querying 
the Name Index and all the external databases, ju s t  the Name Index, or 
ju s t  the DMV database on an  initial query. The Phoenix system allows 
the user to choose any one or all of their external databases in its general 
query application. The rationale used for the MNI design is tha t the 
police officers, who are the m ost frequent users of the system, normally 
need to query all the external databases on their initial query. The 
benefit of being able to select only a  subset of these external databases in 
system performance is outweighed by the benefit of getting all the 
information available on the subject each time a  query is performed.
The Name Index only option allows detectives to search on partial 
names, where the num ber of returns is naturally larger, without unduly 
burdening the external database system. The presum ption is th a t
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Inspection of this potentially large list of names will yield a  few possible 
suspects. This smaller group of nam es can then be researched in more 
detail.
4 .4 .2  A p p lication s and M odules
4 .4 .2 .1  MNI M enu
The MNI Menu allows selection of desired applications for users of 
standard terminals. MDT and CAD Terminal users selections are limited 
to level 1 and level 2 queries and do not use the MNI menu. These 
selections m ust be embedded in the query from these systems. A sample 
MNI Menu screen is shown in figure 4.1.
MASTER NAME INDEX
1. General Query.
2. Name Index Query.
3. DMV Query.
4. Enter the Offenses Database.
5. Enter the JMAR (Active) Database.
6. Enter the JMAR (Released) Database.
7. Enter the Contact Cards Database.
8. Enter the Arrests Database.
9. Enter the DUIs Database.
10. Enter the Gun Registration Database.
Enter Selection
Figure 4.1 MNI Menu
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4 .4 .2 .2  G eneral Q uery (L evel 1)
Description:
The General Query performs a  level 1 query on the Name Index 
and queries the NCIC, CCIC, DCWW, and DMV databases. The 
information returned from the MNI in a  level 1 query tells the 
requestor if more data is stored on an  individual and where it is 
located. Simply knowing th a t the person queried is contained in 
the Offense, JMAR, or Gun Registration database may save an  
officer’s life by making him more cautious. The level 1 will be 
performed frequently and therefore is designed for rapid response 
from the Name Index Table.
Database nam es are abbreviated to allow the re tu rn  to fit on the 
32x8 character MDT screen. Any num ber of situations might call 
for an officer to require additional information. In these cases, he 
could select a  level 2 query. Level 2 queries are selected from the 
output screen.
Inputs:
Inputs for the queries are made from CAD Terminals, MDTs, or 
standard terminals. S tandard terminal queries are made from 
query screens developed for th a t purpose. Inquiries from CAD 
terminals and MDTs may enter inquiries in # /L ast Nam e/First 
Name/Middle Name/DOB (DDMMYY) format. The # symbol 
represents an entry which indicates which databases should be 
queried. Possible choices correspond to the first 3 choices on the
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MNI menu. The query is performed in this form and as: #/F irs t 
Nam e/Last Name/Middle Name/DOB (DDMMYY) to cover 
eventualities of cultures where the order of given and family nam es 
are reversed. This situation has caused some difficulties in the 
past. The Middle Name and DOB portions of the query are 
optional, however, a  first nam e and last nam e m ust be entered as 
they are required by the external databases. When searching on a 
partial name, users m ust use the Name Index Query.
An option to this query method for CAD and MDT queries is to 
develop query screens similar to the standard terminals.
Integration of MNI into the CAD system will be further explained in 
Chapter 5.
Outputs:
The query re turns the entire Name Index record or records 
which m atch the query. O utput is directed back to the requesting 
terminal in the format depicted previously where it may be viewed 
or dumped to a  printer.
An example level 1 response from the Name Index is shown in 
figure 4.2. The response indicates the query subject’s name, date 
of birth, and DPD num ber (if assigned) in the top left hand comer. 
The num ber *212* in the top right com er of the figure is the 
requesting unit’s identification num ber. The *1/3’ indicates tha t 3 
nam es matched the query and this is the first record. The two digit 
num bers in the database columns indicate both presence and year
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of first entry of the person in the corresponding databases. The 
level 2 query may be selected from by placing a T i n  the brackets 
on the bottom on the screen.
Healy, Scott A 212
03/07/56 #000000 1/3
OS ON JA JR CC AR DU GR CT
87 87 88 86 87 85
Conduct level 2 query (Y/N)? fNl
Figure 4.2 Level 1 Query 
External database (NCIC/CCIC, DMV, and DCWW) inquiry 
responses of the subject are appended in their current format to the 
level 1 inquiry allowing the user ’page through’ the level 1 output. 
Program Logic:
Display input request screen.
Receive completed query from user.
Generate First Nam e/Last Name/Middle Name/DOB query.
- SELECT all, FROM Name Index, WHERE Name = (Name 
portion of query string) or (Name portion of reversed order 
query string) and DOB = (DOB portion of query string).
Query external databases.
Return to MNI Menu.
Collect Responses.
Notify of Requesting Terminal of Completion.
Display in format depicted in figure 4.2.
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4 .4 .2 .3  G eneral 9 u ery  (L evel 2)
Description:
As stated previously, level 2 may be selected from the General 
Query output screen. The queries vary in content from database to 
database. The application performs further queries in the 
non-blank column re turns from the level 1 requests. In the 
example in figure 4.2, the application would query all the indexed 
databases except the DUI and Citation databases. Note tha t if 
either Offense column is non-blank, the Offense database will be 
queried.
Inputs:
Input is made from a  level 1 query output screen on an MDT or 
CAD/standard terminal.
Outputs:
The outputs for a  level 2 query, as the nam e implies, provide 
the next level of information available in the PDB databases. The 
information returned in the queries is intended to satisfy the vast 
majority of police officer requirements and to help the detective 
determine if accessing the particular database is required. If more 
information is required, the user may use one of the database 
access applications to log on to a particular database. An example 
level 2 query output for the Offense database is shown in figure 
4.3.
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Healy, Scott A 
07/03/56 #000000
212
1/1
Offense Level 2
OFF# Date Crime Cat
123456 09/10/88 ASLT S
135791 12/25/88 THFT S
135901 12/27/89 K/SA s
Figure 4.3 Level 2 Query 
The information returned in a  level 2 query for each database is
listed below:
Offense Level 2 Query:
The Offense level 2 query returns the offense number, date,
typecrime, and involvement category (witness, suspect, victim) of
each offense the queried individual was involved in.
JMAR (Active) Level 2 Query:
The JMAR (Active) level 2 query returns the booking number,
date, typecrime, and logical (Y/N) conviction column for each time
the suspect was booked.
j_MAR_(Reieaasd)- Levei„2 Query:
The JMAR (Active) level 2 query returns the booking number,
date, typecrime, and logical (Y/N) conviction column for each time
the suspect was booked.
Contact_CarcL Level 2 Query:
The Contact Card level 2 query returns the Contact Card
number, date, location, and activity for each record the suspect has
in the has in the Contact Card database.
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Arrest Level 2 Query:
The Arrest level 2 query returns the date and offense for each 
time the suspect was arrested.
DUI Level 2 Query:
The DUI level 2 query returns the DUI number, date, and charge 
(DWI/DUI) of all incidences of DUI for the suspect in the DUI 
database.
Gun Registration Level 2 Query.
The Gun Registration level 2 query returns the type, model, caliber 
and serial num ber for each weapon registered to the suspect.
■CttattoP LeyeL&jQuety.
Since the Citation Database is an  City Information Services Division 
(ISD) database not resident on a  DPD system, a  more detailed 
inquiry would have to be made by a  from a  standard terminal 
accessing the ISD system.
Program Logic:
Read level 1 query output screen.
Identify non-blank columns.
Execute appropriate batch file to enter corresponding 
database and perform prescribed SQL statem ent for the 
Name/DOB retrieved from the level 1 query.
(Standard Terminal only) Return to MNI Menu 
Store database returns in temporary file.
Send completed file to requesting terminal.
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4 .4 .2 .4  Nam e Index Q uery
The Name Index Query is the same as the General Query except 
external databases are not queried and partial name queries are 
authorized. The required portions of the query are either a  first or last 
name.
4 .4 .2 .5  DMV Q uery
Description:
This application performs a  command file to access the DMV 
Vehicle Registration Database. This database allows the user to 
perform queries on vehicle identification num bers (VIN) and 
license registration num bers of all vehicles registered in the state 
of Colorado. Upon completion of the query the user is returned to 
the MNI menu.
Inputs:
This selection may be selected from the MNI m enu or an 
MDT/CAD Terminal using the Query a  Remote System function. 
The command for the latter is /(code)/Registration #/VIN.
Outputs:
Responses are captured in the same m anner as other external 
database queries and the requesting terminal is notified when the 
response has arrived.
Program Logic:
Generate query from MDT/CAD Terminal.
Execute appropriate command file to enter DMV database.
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(CAD/MDT only) Perform CAD/MDT query.
(Standard Terminal only) Return to MNI Menu upon 
completion of query.
4 .4 .2 .6  D atabase A ccess A p p lication s  
Description:
These applications contain the necessary batch files to allow the 
user to enter a  selected database for more queries requiring more 
detail th an  the level 2 queries. These applications are chosen from 
the MNI m ain m enu and re turn  the opening screen from the 
selected database. When the user exits the selected database he is 
returned to the MNI menu.
4 .5  R ecord A ppending and U pdate
Each of the PDB databases has a  view of the Name Index consisting of 
the Name, DOB, DPD num ber, and corresponding Date of First Entry 
columns. The exception to this is the Offense Database which has an  
additional 2 digit Date of First Entry column in its view. This additional 
column is required because the Offense Database contains both suspects 
and non-suspects which are stored in separate columns of the Name 
Index. A diagram of the record appending process is shown in figure 4.4. 
The process will consist of a  command file which will perform the 
following procedure:
The MNI record appending is a  process tha t takes records from 
files created by ORACLE which record entries from the databases 
made since the previous backup and sequentially searches the
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Name Index for the nam es in the records. If a  name in one of these 
records does not appear, the process appends a  record consisting of 
the Name, DOB, and 2 digit year to the Name Index file.
If the nam e in the record is found, the process checks to see if 
the Date of First Entry Column is blank. If so, the process updates 
the blank column with the appropriate 2 digit year. If there is a  
previous date in the column, the process goes on to the next record.
ID
Y E S
^  C h e c k  \  
if N a m e  is  
v  in M N L /
U P D A T E  MNI 
R E C O R D
B A C K U P  
O F  NEW  
EN T R IE S
N E W  ENTRY  
F IL E S
P D B
D A T A B A S E S
A P P E N D  NAM E, 
D O B  & BLANK  
D A T A B A S E  
C O L U M N S
Figure 4.4 Record Appending Process
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4 .6  Sum m ary
In spite of the simplicity of its design, the MNI provides a  great deal of 
functionality. Part of this functionality comes from the MNI applications 
the rest comes from its integration into the system a t DPD. This 
integration of MNI into DPD will also have a  synergistic effect, increasing 
the effectiveness of the existing and planned systems a t DPD.
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C hapter 5  
MASTER NAME INDEX INTEGRATION
5 .1  In trod u ction
The planned organization a t DPD will consist of the Computer Aided 
Dispatch System (CAD), the Police D ata Bureau (PDB) databases, the 
external databases, and the M aster Name Index (MNI). The integration of 
these components is critical if the organization is to meet the needs of its 
users. The users are the police officers, detectives, radio room personnel 
and adm inistration personnel a t DPD. Figure 5.1 shows communication 
links between the users and the system s of the organization.
As the figure shows, the CAD system is the central component of the 
organization. Dispatchers interact with the various components 
primarily through the CAD system. They also have radio links with the 
police officers, although the CAD system provides the bulk of the 
communication required with MDT equipped units. The other group tha t 
interacts with the CAD system is the database query personnel. They 
have both CAD terminals, and standard terminals to perform detailed 
queries of the PDB databases.
MDT equipped police un its can make queries and receive dispatches 
and responses from queries through the MDT. Non-MDT equipped units 
make requests for database queries through a radio link with the 
database query personnel. Both MDT and non-MDT equipped units 
make detailed query requests in this m anner. Since the officers m ust 
remain on the dispatch frequency, all responses to queries are routed
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back to the MDT or to the dispatcher for relay to the requestor through 
the CAD system.
Detectives will normally not use the CAD system. Their main access 
to the PDB databases, MNI, and external databases is through standard 
terminals located in their un it areas.
The MNI and the indexed PDB databases reside on the AT&T S4000 
computer system. The CAD system  is housed by 2 AT&T 3B2 1000 
computers.
D i s p a t c h e r s
C A D
S Y S T E M
v\ P o l i c e  O f f i c e r s
N on-M D T | MDT
Radio Link 
W ire Link
N on-P D B
= PS4000"1
 M m ___
PDP
Database:
D a t a b a s e D e t e c t i v e s  &
Q u e r y O t h e r  U s e r s
P e r s o n n e l
Figure 5.1 System Diagram
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5 .2  S y stem  P articip an ts
5 .2 .1  P o lice  D atabase Bureau (PDB) P erson n el
PDB is responsible for the m aintenance of the system. They are 
presently responsible for data entry into the indexed databases and upon 
implementation will ensure transfer of new nam es into the MNI as 
required by new entries into the indexed databases. PDB will also 
provide necessary training on MNI functions to dispatchers, database 
query personnel, police officers using MDTs, and detectives. Training on 
w hat the indexed information m eans to the police officer m ust also be 
provided to the precincts if MNI is implemented prior to their being 
equipped with MDTs.
5 .2 .2  D etec tiv es
Detectives and their supervisors should have both m aintenance 
responsibilities and operational use of the MNI and indexed databases. 
The m aintenance responsibilities are limited to ensuring th a t data from 
cases th a t they were assigned are correctly entered into the offense 
database and providing feedback to the PDB on inaccuracies and 
updates noted during their investigations. These m aintenance 
responsibilities are not currently being performed on a formal bases and 
will be discussed in Chapter 6. Operationally, the primary use of MNI for 
the detectives is to show where information on a  suspect is kept. They 
will also use the MNI to obtain possible suspect’s nam es by matching 
w itnesses’ descriptions with those in the Offense, JMARS, and Contact 
Cards databases.
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5 .2 .3  P o lice  O fficers
Police officers will access the MNI to find out information about 
persons they normally have detained. The m ain use for the MNI 
produced information is to verify information obtained from these 
persons. An additional use is to aid in determining w hat level of caution 
to exercise in to performance of their duties with respect to a  particular 
individual. When equipped with MDTs, officers may query MNI 
independently of radio room personnel involvement. It is recognized tha t 
the capability to accommodate voice radio requests will remain after full 
implementation of the. MDTs to accommodate units with malfunctioning 
equipment, highly detailed queries, and officers on foot.
5 .2 .4  D atabase Query P erson n el
Database query personnel are dedicated to handle voice radio 
requests from the field for information. The num ber of these personnel 
required is dependent on the rate of requests coming in and the 
processing time for each request. Results of the analysis of the 
personnel requirements is found in Chapter 6.
5 .2 .5  D isp atch ers
Dispatchers control and monitor operations in their districts. They 
receive requests for police, fire, and emergency service from call takers 
which m an the police departm ent and 911 emergency phone lines. They 
then dispatch the appropriate am ount of resources to handle the service 
request. They also monitor the duty s ta tus of the units in their district
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and clear their units upon completion of a  dispatch event. With full 
implementation of the CAD system, they will have the capability to 
perform queries of the MNI and external databases.
5 .3  In terfaces W ith E x istin g  and P lanned S y stem s
MNI will interface with the CAD system as well as existing and future 
PDB databases. MNI will complement the capabilities of the future ID 
system. It will assist investigations by providing detectives an  index for 
suspect information once they have obtained the suspect identity from 
the ID system.
5 .3 .1  CAD S y stem
Interfaces with the CAD system are through the Query to a  Remote 
System Function <QX> a t a  CAD terminal and MDTs.
Figure 5.2 is an  exploded view of the CAD interface portion of figure 
5.1. At a  CAD terminal, the user selects the two letter code <QX> and 
calls up a  query screen display. The queries are entered in a  formatted 
data stream  containing an  embedded command. The embedded 
command selects the corresponding General, Name Index, or DMV query 
application from MNI menu. The query is then  routed by the ISN to one 
of the CAD AT&T 3B2 1000 M80 computers. The query continues 
through the Message Processing Unit (MPU) and the system interface. 
The ISN routes the query to the S4000 where the appropriate MNI 
application is activated. The response follows the reverse path  back to 
the requesting terminal with a  record of the query stored by the CAD 
system.
T-3903 59
CAD
TERMINAL
I
S
U “ 0— 1 1
c
A
N “ LI
hr1
DISPATCHERS
CAD
TERMINAL
E-
c
A
D
2
SYSTEM
MPU
INTERFACE
DATABASE QUERY 
PERSONNEL
Figure 5.2 CAD Integration
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The interface of the other major CAD component, the MDT, is 
depicted in figure 5.3. MDT queries are entered in the same 
format as CAD term inal queries. Queries initiated through an 
MDT pass through the MDT interface and the MPU. They exit the 
MPU through the system  interface and are routed by the INS to 
the AT&T S4000 where the appropriate MNI application is 
initiated. The response follows reverse path  to the MDT with a
T-3903 60
record of the query stored by CAD system. No involvement by a 
dispatcher or database query person is required. Figure 5.3 is an 
expanded view of the MDT portion of figure 5.1
PROTOCOL 
1 CONVERTERS!
M P U
SYSTEM
INTERFACE
MDT 
INTERFACE
I
S
N
/ys/ys
/SA
ISD
NCIC
CCIC
DMV
DCWW
CITATIONS
MDTs
POLICE
OFFICERS
S4000
MNI
PDB
DATABASES
Figure 5.3 MDT Integration
Figure 5.4 shows an  expanded view of the standard terminal 
integration with MNI. S tandard term inal queries are routed by the INS 
directly to the S4000. Unlike CAD term inal or MDT queries, responses to 
these queries do not get recorded unless they pass through the CAD 
system. It is essential for query responses initiated by database query 
personnel for a  police officer on a  CAD dispatched event to be recorded
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with the record of the event. By routing the query response to their CAD 
terminal, database query personnel can ensure proper recording of 
queries.
SYSTEM
INTERFACE
MPU
■S4QQQ
PDB
DATABASES
DATABASE QUERY 
PERSONNEL
NON-PDB
DATABASES
CAD
TERMINAL
STANDARD
TERMINAL
STANDARD
TERMINAL
DETECTIVE 
UNITS 
& OTHER 
USERS
Figure 5.4 Standard Terminal Integration
5 .3 .2  PDB D atabases
Although the MNI and PDB databases reside on the S4000 computer, 
they are not connected in a  relational sense. The MNI integrates the PDB 
databases to the rest of the system through query and database access 
applications described in Chapter 4.
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5 .3 .3  E xternal D atabases
The external databases (NCIC, CCIC, DMV, and DCWW) each have a 
specific format for queries. The physical interface with these databases 
is through the ISN and the appropriate protocol converters. These 
databases are queried during the General Query application 
simultaneously with queries of the Name Index. Because these 
databases are not controlled by PDB, they can’t  be modified to su it the 
needs of DPD. As a  result, the MNI derives its functionality with these 
databases primarily by formulating queries to the format required by 
each database.
Additional functionality is achieved by consolidating the responses. 
MDT and CAD terminal query responses will be combined with Name 
Index query responses in a  CAD message and sent to the requesting 
terminal.
Limiting the level of integration to th a t described above is not only 
practical, bu t desirable. As merely a  subscriber to these databases, PDB 
may not be informed of upcoming changes to their application formats. 
While such changes may require modification to PDB applications, a t 
this level of integration, modifications should be minor.
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C hapter 6
RECOMMENDATIONS AND CONCLUSIONS 
6 .1  In trod u ction
This chapter contains recommendations and conclusions formulated 
throughout my 6 m onths of working with the Denver Police Department. 
While some of the recommendations do not specifically apply to the MNI,
I believe th a t they are worth mentioning.
6 .2  R ecom m en d ation s
The recommendations I am offering fall into 4 categories. These deal 
with improving departm ental working relationships, insuring accuracy in 
the Offense Database, ensuring procurem ent of ancillary hardware, and 
utilization of displaced personnel.
6 .2 .1  W orking R ela tio n sh ip s
As stated in chapter 3, m uch of the negative impression of PDB by the 
detectives is based on perceptions rather than  actual lack of concern for 
them  and their jobs. One im portant point is tha t a  perception of a  
problem may be harder to correct than  an actual problem. If perceptions 
about lack of concern are allowed to pervade, detectives will be less 
inclined to use the PDB databases. Involvement of the detectives is 
critical for the development of accurate and complete data for some of the 
existing and planned the PDB databases. Several actions may be taken 
to change the perceptions of the detective ranks.
An im portant thing th a t the administration can do is let the detectives 
know w hat is being done for them. Chief Fitzpatrick is in the strategic
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spot to make this happen. As the former head of the Crimes Against 
Persons Division, he has earned the respect and tru s t of a  large portion 
of DPD detective ranks; he is known as a line officer as opposed to a  staff 
officer. He is vigorously supporting the procurement of a  new ID System 
which promises to be a tool th a t the detectives will get a  lot of use from. 
When the MM is implemented, PDB should conduct informational 
briefings to let the detectives know how the MM can assist them  in 
investigating their cases.
Another technique which may be beneficial for both the detectives 
and PDB personnel alike is for the programmers to visit detective units 
on a  regular basis, perhaps once a  m onth for a  couple of hours to provide 
training to un it detectives. This on-site training would aid the detectives 
and programmers alike. Detectives would get informal (non-intimidating) 
training on the term inals they actually use. Programmers would gain 
insight into the user’s difficulties with the PDB databases and w hat 
enhancem ents could be implemented. The goal of this recommendation 
is to get the detectives involved in using the various databases and 
develop teamwork among the two groups.
6 .2 .2  D ata In teg rity  o f th e  O ffense D atabase
In talking to detectives in CAP Division, it was stated th a t there are 
some problems with the accuracy in the Offense database. This 
database is particularly susceptible to inaccurate data entry in view of 
the procedures in use. These procedures require data entry personnel to 
extract data from Supplementary Reports filed with the case. To ensure
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data integrity in the Offense Database, the current procedures should be 
modified. Detective involvement in the data entry process is a  m ust. 
There are several ways this could be accomplished.
In Phoenix, detectives call the data entry personnel when they have 
completed a  case. The case data is entered while the detectives are on 
the phone to ensure tha t the data is entered accurately. The advantage 
to this method is th a t it is easily implemented and doesn’t  placed an 
undue burden on the detective. It bypasses several opportunities for the 
data to get misrouted (lost) by relaying the data directly from the 
detective to the data entry personnel. A disadvantage is th a t data entry 
personnel would have to be available during specified hours to get the 
data from the detectives.
A second way would be for detectives to enter case data themselves. 
The advantage to this system is th a t the detectives are most 
knowledgeable about the case and primary users of the data; they have 
the greatest incentive to ensure the data is accurate. A disadvantage of 
this method is the requirem ent to train  a  sufficient num ber of detectives 
to perform this function.
The third method is for detective supervisors to verify the completed 
case record. This could be done by requiring them  review their cases 
and initial off on a listing of cases th a t the data is accurate. This has the 
advantage of having a  record th a t each case was checked for accuracy. 
Another advantage is th a t it would not require the additional training 
th a t the previous method would. A disadvantage is the additional
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workload placed on the detective units.
Since the first method is reported to be working satisfactorily in 
Phoenix and is the least radical change, it should be given first 
consideration for implementation.
6 .2 .3  A ncillary Hardware
Attention m ust be paid to ensure th a t all ancillary pieces of 
equipment are provided to the users. Specifically this m eans terminals 
and printers. A printer in one of the CAP units was inoperative for 
several weeks awaiting a cable last fall. If detectives can’t get hardcopies 
of their queries, they will tie up terminals paging through query outputs 
and copying information by hand. An system such as the one the 
Denver Police Departm ent is putting together should be fully supported 
with its complement of peripheral equipment.
6 .2 .4  P erson n el D isp lacem en t
One of the fallouts of the implementation of the CAD and MNI 
systems is the reduction in the num ber of database query personnel 
required in the radio room. With the majority of queries being performed 
by police officers using MDTs, less personnel will be required to perform 
the non-MDT and detailed queries. An opportunity exists, however, for 
these few displaced personnel to become experts in the retrieval of 
detailed information from the databases. They could then be assigned 
the duty of assisting law enforcement and judicial officials in the 
investigation of crimes.
COLOiimo SCHOOL of 
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6 .3  C on clu sion s
6 .3 .1  Q ueue S im u lation  R esu lts
Two im portant design aspects were brought out by the simulation. 
These are the effect of decreasing the am ount of time required for a  
person to process a  request for information and the effect of sending 
requests to a  common queue in dealing with the "lumpiness" of the rate 
of incoming requests. Designing the system with these factors in mind 
will pay dividends in efficiency even after installation of MDTs in the 
units is complete.
There will still be requests for queries from non-MDT equipped 
vehicles and requests for detailed information. A better design will 
accommodate these requirem ents with less demand for dispatcher/query 
personnel involvement.
To reduce query processing time, the MNI design incorporated the 
ability to query all the databases simultaneously with the General Query. 
The current method requires a  station to receive a  request (10 seconds), 
type three separate queries (5 seconds each), and write the results on a  
card (10 seconds). Ten seconds or 1 /3  of the total time will be saved 
(typing in 2 queries) from this capability.
The proximity of the dispatchers may also allow them  to provide 
assistance to each other in making queries if they are called to do so. 
This has the same effect of having a  common queue.
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6 .3 .2  MNI D esign
The research into the design of the MNI answered all of the research 
issues listed in Chapter 1. This research also led to a design which, as 
part of the system consisting of the CAD, external, and PDB database 
components provides capabilities approaching th a t of the Phoenix PACE 
system costing millions of dollars. In the side by side comparison of 
operational capabilities between Phoenix’s PACE System, Denver has 
only 1 significant deficiency. This is the lack of known offender type 
databases. Due to the design of MNI, it can easily accommodate 
indexing these additional databases.
The design of the MNI allows for PDB database access through level 1 
and 2 queries from MDTs and CAD Terminals. This should meet the vast 
majority of police officer needs for information from the PDB databases. 
The single table, stand alone, structure of the MNI will allow for rapid 
processing of level 1 requests. The ease of use of the level 1 and 2 
queries will also aid the untrained detective in gaining information about 
their suspects through its m enu driven application. The complexity of 
using the current databases deters untrained detectives from using these 
valuable resources.
6 .3 .3  F urther Work R equired
6 .3 .3 .1  Program m ing
Following approval of the design of the M aster Name Index, the 
programming of the system is required. The present intention of the 
database manager is to perform this internally, however, limited funds
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have been approved for this purpose.
6 .3 .3 .2  T rain ing
Training is an  often neglected area when a  new system is 
implemented. In addition to the training on the CAD system which m ust 
occur. MNI specific training is also required. This training should 
include:
Detectives:
This will be the hardest group to train  due to their num bers 
(around 190) and the areas which they m ust be trained in. To gain 
the maximum benefit from the system, they should be trained as a 
minimum, in the MNI operation and use of the Offense, JMARS, 
and Contact Cards databases. Although the latter databases are 
now in existence, large num bers of the detectives are not trained in 
their use. The detective training requirement would be greatly 
reduced if displaced database query personnel were assigned the 
duty of assisting in data retrieval.
Dispatchers and Police Officers:
Although these persons will only be using the 3 query 
applications, there is a  large am ount of training which m ust be 
accomplished for these groups for the CAD system. The MNI 
training consists of composing queries from the CAD Query of a  
Remote System function and interpreting w hat the output of the 
MNI and other databases means.
Database Query Personnel:
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This group needs to learn the MNI m enu and its applications. 
Additionally they m ust be thoroughly familiar with the operation of 
all the indexed databases.
6 .3 .3 .3  D ata Input
Initial data input into the MNI will require the creation of the MNI 
table. Initial unique name records will exceed 300,000, (the num ber of 
unique nam es in the Citation database) with the probable num ber being 
in the 400,000 to 500,000 range.
6 .3 .3 .4  Procedure D evelop m en t
Concurrent with the development and implementation of the MNI, 
procedures which outline duties and responsibilities for all participants 
in the system should be published. All operational and administrative 
procedures should be covered.
Another area which requires attention is the security considerations 
of the system. These considerations m ust include all users of the system 
including the MDT equipped officer. While other users have established 
security procedures, the MDT is the input device m ost accessible to 
unauthorized users.
6 .4  Sum m ary
My goal in this thesis was to provide a product which would increase 
the productivity of Denver’s police force. This started as a  database tool 
for detectives and grew into the M aster Name Index. The implementation 
of the Master Name Index will, in concert with existing and future 
systems, deliver the power of our greatest resource, information, to the
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fingertips of Denver’s police officers and detectives. The design and 
integration plan of this system, as defined in this thesis, has been 
approved for presentation to the Deputy Manager of Safety by the Police 
D ata Bureau to obtain approval for full scale development.
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A ppendix A  
SIMULATION PROGRAM
Pseudocode:
Print Program Introduction.
Get Input Parameters of:
1. Average requests per hour.
2. Number of query stations.
3. Average query processing time.
4. Length of simulation period.
5. Full or consolidated data output.
6. Screen or printer output.
Compute Probability of Request Arrival Per Period: 
P(X=l)=Hourly request ra te /360  * # of stations 
Compute Percentage of Requests Processed Per Period: 
Requests processed =
# of stations * 10 /  processing time(secs)
Print O utput Heading.
Initialize Variables.
S tart Simulation Run:
[Begin]
For 1 = 1 to Number of Lines Required for Simulation 
[Begin]
For i = 1 to 18 (*3 m inutes of output*)
[Begin]
For j  = 1 to # of stations 
[Begin]
Generate U[0,1] num ber 
If U[0,1] <= P(X=1) then calls received = 1 
(*<cr> per interval per station*)
[End]
Add to total calls received for interval
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Repeat for each station 
[End]
Add total calls received for interval to queue
Subtract requests processed during period
Set negative queue level to 0
Repeat for each interval in 3 m inute period
[End]
Tabulate Summary Data 
O utput 3 Minute Simulation.
Repeat Until Simulation Time Completed.
[End]
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SIMULATION CODE
ans$ = "Y"
DO WHILE UCASE$(ans$) = "Y"
CLS
LOCATE 6, 20
PRINT "CAD Database Query Queue Simulation"
LOCATE 9, 10
PRINT "This program sim ulates the queue of requests by police"
PRINT TAB( 10); "officers during a  maximum load period to the database" 
PRINT TAB( 10); "query personnel in the radio room a t DPD."
PRINT
PRINT TAB( 10); "Each line of output contains a  3 m inute record of the 
number"
PRINT TAB( 10); "of requests in the queue taken at ten second intervals." 
PRINT
PRINT TAB( 10); "You will be asked to input your estimates of the 
parameters."
LOCATE 20, 5
PRINT "press spacebar to continue"
DO
IF INKEY$ = " " THEN 
EXIT DO 
END IF
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LOOP
REM : GET INPUT PARAMETERS 
CLS
LOCATE 8, 10
INPUT "What is the average requests per hour"; maxreq 
LOCATE 10, 10
INPUT "How m any query stations are operating"; numop 
LOCATE 12, 10
INPUT 'W hat is the average time in seconds to process a  request"; 
reqtime
LOCATE 14, 10
INPUT "What is the length of time in hours to be simulated"; sim hrs 
LOCATE 16, 10
INPUT "Direct output to printer? (Y/N)"; hc$
LOCATE 18, 10
INPUT "Do you want full print out? (Y/N)"; pm t$
CLS
REM : COMPUTE BERNOULLI PROBABILITY LIMITS 
reqlO = (maxreq /  (360 * numop)) 
pro 10 = (numop * 10 /  reqtime)
REM : SETUP FOR U[0,1] GENERATION 
RANDOMIZE TIMER 
DIM cw(0 TO 24) 
pagenum  = 1
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REM : OUTPUT HEADING INFORMATION
IF UCASE$(hc$) = "Y" THEN
LPRINT
LPRINT
LPRINT TAB(25); "QUERY REQUEST QUEUE SIMULATION "
LPRINT
LPRINT " Maximum requests per hour = " + STR$(maxreq)
LPRINT" Average request process time in seconds = " +
STR$(reqtime)
LPRINT" Number of query stations = " + STR$(numop)
LPRINT" Simulation time period is " + STR$(simhrs) + " hours"
LPRINT" Entries represent the num ber of requests in the queue a t
H
LPRINT " 10 second intervals."
LPRINT" Each line represents 3 m inutes of simulation."
LPRINT 
END IF
REM : INITIALIZE VARIABLES
cw(0) = 0
cr = 0
lin = 1
a3 = 0
a6 = 0
a9 = 0
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abig = 0 
CLS
REM : START SIMULATION RUN; DETERMINE CALLS RECEIVED 
DO
FOR i = 1 TO 18 
FOR j = 1 TO numop 
num(j) = RND 
IF num(j) <= reqlO THEN 
cwl(j) = 1 
ELSE 
cwl(J) = 0 
END IF 
cr = cr + cwl(j)
NEXTj
cw(i) = cw(i - 1) + cr 
cw(i) = cw(i) - pro 10 
IF cw(i) < 0 THEN 
cw(i) = 0 
END IF
IF cw(i) <= numop THEN a3 = a3 + 1
IF cw(i) > numop AND cw(i) <= 2 * numop THEN a6 = a6 + 1 
IF cw(i) > 2 * numop AND cw(i) <= 3 * numop THEN a9 = a9 + 1 
IF cw(i) > 3 * numop THEN abig = abig + 1
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cr = 0 
NEXT!
REM : GENERATE OUTPUT STRING; PRINT ONLY INTEGER VALUE OF 
QUEUE 
lcw$ = ""
FOR k  = 1 TO 18 
cws$ = "" + STR$(INT(cw(k)))
IF INT(cw(k)) < 9.5 THEN 
cws$ = M " + STR$(INT(cw(k)))
END IF
lcw$ as lcw$ + CWS$
NEXT k
REM : PRINT 1 LINE OF OUTPUT 
IF UCASE$(pmt$) = "Y1 THEN 
IF UCASE$(hc$) = "Y" THEN 
LPRINT TAB(8); lcw$
ELSE 
PRINT TAB(3); lcw$
END IF 
END IF
REM : SETUP FOR NEXT 3 MINUTE SIMULATION PERIOD 
CW(O) as CW(18) 
lln = lin + 1
REM : END PROGRAM LOGIC
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IF lin = 20 * sim hrs + 1 THEN 
a3 = 100 * a3 
a6 = 100 * a6 
a9 = 100 * a9 
abig = 100 * abig 
IF UCASE$(hc$) = "Y" THEN 
LPRINT
LPRINT TAB( 12); "Queues <= 1 per station:" + STR$(INT(a3 /  (360 * 
simhrs))) + "% Queues > 1 and <= 2 per station:" + STR$(INT(a6 /  (360 * 
simhrs))) +"%"
LPRINT TAB(12); "Queues > 2 and <= 3 per station:" + STR$(INT(a9 /  
(360 * simhrs))) + "% Queues > 3 per station:" + STR$(INT(abig /  (360 * 
simhrs))) +"%"
EXTTDO
ELSE
CLS
PRINT TAB(3); "Queues <= 1 per station: " + STR$(INT(a3 /  (360 * 
simhrs))) + "% Queues > 1 and <= 2 per station: " + STR$(INT(a6 /  (360 
* simhrs))) + "%"
PRINT TAB(3); "Queues > 2 and <= 3 per station: " + STR$(INT(a9 /  
(360 * simhrs))) + "% Queues > 3 per station: " + STR$(INT(abig /  (360 * 
simhrs))) + "%"
EXIT DO 
END IF
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END IF
REM : NEW PAGE LOGIC 
IF UCASE$(hc$) = "Y" THEN 
IF (lln - 1) /  40 - pagenum = 0 THEN 
IF UCASE$(pmt$) « "Y" THEN 
LPRINT CHR$(12) 
pagenum = (lin - 1) /  40 + 1 
LPRINT 
LPRINT 
END IF 
END IF 
END IF
IF UCASE$(hc$) <> "Y" THEN 
IF (lin - 1) MOD 20 = 0 THEN 
LOCATE 23, 5
PRINT "press spacebar to continue" 
DO
IF INKEY$ = " " THEN 
EXIT DO 
END IF 
LOOP 
END IF
IF lin = 20 * sim hrs THEN 
LOCATE 24, 5
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PRINT "press spacebar to continue"
DO
IF INKEY$ = " " THEN 
EXIT DO 
END IF 
LOOP 
END IF 
END IF 
LOOP
REM : EJECT LAST PAGE 
IF UCASE$(hc$) = "Y" THEN 
LPRINT CHR$(12)
END IF
INPUT "Run another scenario? (Y/N)"; ans$ 
LOOP 
END
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SIMULATION RUNS
AHTMUli Ll&txiUxi
COLORADO SCHOOL ol MINES 
GOLDEN, COLORADO 80401
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QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 24 0
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 30
Number o f  q u e r y  s t a t i o n s  = 2
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 1 1 1 0 0 1 0 0 0 0 0 1 1 0 2 3
3 2 2 4 4 3 4 5 6 8 7 8 9 9 9 9 8
8 7 7 7 6 5 6 6 6 6 5 4 5 4 3 4 4
3 3 3 3 2 2 2 1 0 2 2 1 1 2 2 4 4
4 3 4 4 3 3 3 2 2 3 3 3 3 2 2 2 2
1 0 0 0 0 0 0 0 0 1 2 1 1 2 1 0 0
0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2
2 2 2 2 3 3 2 4 3 2 2 2 2 3 2 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 2
1 1 1 1 0 1 0 0 0 0 0 1 0 0 1 1 1
1 0 1 0 0 0 0 0 1 2 1 2 2 1 2 2 1
0 1 3 4 3 4 3 4 4 4 5 4 4 4 3 2 2
3 4 3 3 4 4 5 7 7 6 7 6 6 7 6 5 6
5 5 5 5 6 6 6 6 6 7 8 7 6 7 7 7 7
7 7 6 5 5 4 5 6 7 6 8 8 9 10 10 10 12
11 11 11 10 12 11 11 11 10 10 11 10 10 11 11 10 10
9 9 10 10 10 10 9 8 9 8 9 9 9 9 9 9 8
10 11 11 10 9 10 10 9 10 10 9 10 9 9 10 9 8
7 7 7 7 8 9 10 9 9 8 7 7 7 6 8 7 6
5 5 7 7 6 6 6 6 6 6 5 5 6 5 6 7 6
5 4 4 4 4 4 4 4 5 5 4 4 4 3 4 4 4
4 4 4 3 3 3 3 3 4 3 2 3 2 2 3 3 2
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 2 1
3 2 3: 2 2 3 2 1 2 1 1 3 3 2 2 2 2
2 1 2 2 2 3 2 1 2 1 1 1 1 0 0 0 0
1 1 1 1 0 1 2 1 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 2 2 1 3 3 2 2 1 0 0 1 2 2 1
2 2 2 2 1 1 2 2 2 4 4 4 5 5 4 6 5
5 5 6 6 5 6 6 5 6 5 4 5 5 5 6 7 7
7 6 6 5 4 5 5 5 5 5 4 5 5 5 5 4 4
4 4 5 5 6 6 6 6 7 8 7 9 9 8 9 8 9
9 9 10 9 8 8 7 6 7 7 7 8 7 8 9 9 9
9 8 8 8 8 8 8 8 9 ' 8 7 7 7 8 8 9 9
9 8 8 8 8 7 8 8 8 9 8 9 10 10 10 11 11
10 9 9 9 8 8 8 7 7 8 7 6 8 7 6 7 7
8 7 6 8 8 7 8 8 7 8 8 7 . 8 8 7 9 9
8 8 8 8 8 9 10 11 11 11 10 10 11 11 11 12 11
2
7
3
3
1
0
0
2
0
2
2
1
2
6
7
11
10
10
8
6
6
4
2
0
3
2
1
0
0
2
4
7
4
10
9
9
10
7
8
11
Queues <= 1 per station: 2 9% Queues > 1 and <- 2 per station: 18%
Queues > 2 and <= 3 -per station: 14% Queues > 3 per station: 38%
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QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 240
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 30
Number o f  q u e r y  s t a t i o n s  = 2
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 2 1
0 0 0 0 1 1 0 1 0 1 1 1 1 1 0 1 3
3 3 2 1 1 2 1 2 1 0 1 1 0 0 0 0 1
0 0 0 0 0 1 0 0 0 0 0 1 0 0 2 1 1
3 2 3 2 2 2 1 2 2 2 3 5 5 5 5 4 5
4 4 4 4 3 4 3 4 4 3 4 3 2 3 2 1 1
0 0 2 1 0 0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1
1 1 0 0 0 1 1 0 0 0 1 2 3 2 1 2 3
3 3 2 2 2 1 2 1 2 2 1 2 3 3 3 4 4
5 6 6 7 6 6 8 8 7 8 8 7 7 7 6 6 6
5 6 5 6 5 5 6 5 6 6 7 8 7 6 6 5 4
4 3 3 4 3 3 3 4 5 5 5 5 4 4 6 6 7
8 8 8 7 7 7 6 6 8 7 7 8 8 8 8 7 6
6 5 6 6 5 5 4 4 4 4 3 4 4 4 5 6 7
7 7 8 8 7 8 9 9 9 9 9 10 10 9 9 8 8
8 9 11 10 9 9 10 10 10 10 11 10 10 10 10 12 11
11 10 9 9 9 9 10 11 12 13 12 12 13 12 11 12 11
11 10 9 10 9 8 9 9 9 10 9 9 9 9 9 10 11
10 10 9 10 10 11 12 11 11 12 11 10 11 10 11 12 11
13 12 11 13 13 13 13 12 12 13 13 13 14 13 13 14 15
15 14 14 15 14 13 15 16 16 16 16 15 15 15 14 16 15
16 16 16 17 17 17 18 19 18 19 18 18 19 18 17 18 17
17 16 16 17 16 16 16 16 15 15 15 15 15 15 14 15 15
16 16 16 17 16 16 17 16 16 17 16 16 17 18 17 18 18
18 17 17 18 18 17 17 17 16 16 16 17 17 16 17 16 15
15 14 15 16 17 17 16 15 16 15 14 14 14 13 13 14 14
14 13 14 15 16 17 16 16 17 17 17 18 17 17 18 18 17
18 18 18 17 17 18 17 18 19 18 18 19 19 19 20 19 19
18 17 18 18 17 17 16 17 18 17 1 8 19 18 18 19 19 18
20 19 19 20 20 20 21 20 21 21 2 0 20 19 19 19 18 18
18 18 18 17 17 17 16 15 16 15 15 15 14 14 14 15 15
15 14 15 15 15 17 17 18 20 20 20 20 20 20 21 21 21
20 19 19 18 19 21 20 19 21 20 19 20 19 18 18 19 18
19 19 20 20 19 20 20 20 21 22 21 22 22 22 22 21 20
20 21 21 20 19 19 19 18 18 17 17 17 18 17 19 18 18
19 18 18 17 16 16 15 15 17 17 17 19 20 20 21 21 21
22 22 22 22 21 22 22 21 22 22 22 22 22 21 21 22 22
22 21 21 20 20 20 20 21 21 21 20 22 21 21 22 21 21
21 20 20 20 21 21 22 21 22 21 21 23 22 21 22 23 22
0
3
0
3
5
0
0
1
2
4
5
5
7
7
8
9
11
11
10
11
15
14
17
15
18
16
13
19
19
19
18
15
21
19
21
19
22
22
21
22
Queues <= 1 per station: 15% Queues > 1 and <= 2 per station: 7%
Queues > 2 and <= 3 per station: 6% Queues > 3 per station: 69%
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QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 240
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 30
Number o f  q u e r y  s t a t i o n s  = 2
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 1 2 3 3 3 2 3 3 2 3 3 3 4
2 3 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1
0 0 1 1 2 2 3 3 3 2 3 4 3 4 4 3 3
1 3 4 5 5 4 3 3 2 1 1 1 0 1 2 1 2
3 3 2 1 3 3 3 5 4 4 4 4 4 4 3 4 5
4 4 3 3 3 3 3 3 2 2 2 2 1 1 1 1 1
0 1 0 0 0 1 1 1 1 1 1 0 0 1 1 0 0
0 0 0 1 1 1 2 2 1 1 0 1 2 1 0 1 1
1 1 1 1 2 2 2 1 2 3 3 3 4 4 3 4 4
5 5 6 6 6 5 6 7 7 8 9 9 9 9 9 10 10
11 10 9 10 10 9 10 9 10 11 10 10 11 11 10 11 10
9 10 10 11 10 10 10 10 9 11 10 10 12 12 11 11 12
12 11 11 12 12 11 11 10 9 9 8 9 10 9 8 9 8
8 7 6 6 6 5 6 6 6 7 7 7 7 7 6 6 5
7 6 5 6 6 7 7 6 6 7 6 5 6 6 5 5 4
4 5 5 5 5 5 5 4 3 4 3 3 3 3 2 3 4
3 3 2 3 3 3 4 4 5 6 7 7 7 8 7 7 6
7 7 6 7 6 5 6 6 6 7 7 j 7 6 5 5 5
5 5 5 5 4 4 5 5 4 4 3 3 3 2 1 2 1
1 1 0 1 1 1 2 2 1 2 2 1 2 1 1 1 1
2 1 0 0 0 0 0 0 1 2 2 3 5 6 5 6 6
7 6 5 7 7 8 8 8 7 8 8 8 8 7 8 8 8
9 9 9 9 8 7 7 6 6 8 7 7 7 6 6 6 6
8 7 7 7 7 6 6 6 5 6 5 5 5 5 5 5 4
4 3 3 4 3 4 4 4 3 3 3 3 3 3 2 2 1
3 4 4 6 7 7 8 7 8 10 10 10 10 10 10 11 10
10 10 10 11 11 12 12 12 12 12 12 11 12 11 11 11 11
11 10 10 11 10 9 10 9 9 11 11 11 12 13 12 12 12
12 13 12 12 11 11 11 10 11 11 11 10 10 10 9 9 9
9 9 8 8 7 6 6 6 7 7 8 8 8 8 8 10 10
9 9 8 •8 7 7 8 8 8 10 10 11 11 10 9 11 11
10 9 10 12 12 12 13 12 12 14 13 14 16 16 15 16 15
14 13 13 14 14 13 13 12 12 12 12 13 13 13 12 12 12
14 14 14 15 14 13 14 13 13 14 13 12 14 13 12 13 13
1 3 ; 13 12 13 14 13 14 15 14 15 14 14 14 15 15 15 14
16 15 14 14 13 13 14 13 14 14 13 12 14 13 13 14 14
14 14 14 14 14 15 • 16 17 16 16 15 15 16 16 15 15 15
15: 14 13 13 13 13 15 14 15 17 17 17 17 18 18 19 19
3
0
1
1
2
3
4
1
0
0
4
10
9
11
7
5
4
3
5
4
1
0
6
8
6
4
1
9
10
12
8
9
10
14
12
12
14
13
14
19
Queues <= 1 per station: 19% Queues > 1 and <= 2 per station: 14%
Queues > 2 and <= 3 per station: 11% Queues > 3 per station: 55%
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QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 2 4 0
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 25
Number o f  q u e r y  s t a t i o n s  = 2
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 1 2 2 1 1 1 0 0 0 0 0 1 1 0 0 1
1 1 1 2 3 3 4 3 3 3 4 4 4 5 4 3 4
4 5 4 3 2 1 3 4 3 3 3 4 4 3 2 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1
1 2 2 2 1 1 0 0 0 0 0 0 0 0 0 0 1
3 4 4 3 3 4 4 4 3 2 2 2 3 3 2 2 2
1 1 2 2 3 3 3 3 2 3 2 1 1 2 2 2 3
3 5 5 5 5 4 4 4 4 4 4 6 5 5 5 5 6
6 6 6 7 7 7 7 6 7 6 5 5 4 4 4 3 3
3 3 3 3 2 2 2 2 1 1 2 1 2 1 2 2 2
1 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 1 2 1 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 2 2 3 2 2 3 3 3 2 1
1 3 3 2 2 2 2 2 2 2 1 1 0 0 0 0 0
1 2 3 4 3 2 1 1 2 1 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1
0 0 0 0 0 0 0 1 1 3 2 2 3 2 4 4 3
3 3 3 4 4 5 6 6 6 6 5 4 4 3 2 2 2
1 1 1 1 2 3 2 1 1 3 2 1 1 1 2 1 1
2 2 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 3
2 2 3 4 4 3 3 2 3 3 2 1 1 2 1 1 1
0 0 1 0 0 1 2 1 0 0 1 1 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 2 1 1 1 2 2 2 3 3 2 3
2 2 2 3 2 2 2 1 2 1 1 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1
1 1 1 2 2 2 2 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 2 2 3 3 2 3 2 2
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 1 0 1 0 1 2 1 1 0 1 1
0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 3
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
1 1 ‘ 2 1 0 0 1 1 1 1 1 1 0 0 0 0
0 0 0 0 0 0 0 0 i 2 3 3 3 3 4 4 6
5 5 5 5 4 3 3 2 4 3 3 3 2 2 2 2 2
3 3 4 3 3 3 2 2 3 3 4 4 3 2 3 3 3
1
4
0
1
2
2
2
6
2
1
0
0
0
1
1
0
0
3
2
1
0
0
2
0
0
0
2
0
2
0
0
1
0
0
2
0
0
6
3
3
Queues <= 1 per station: 62% Queues > 1 and <= 2 per station: 26%
Queues > 2 and <= 3 per station: 8% Queues > 3 per station: 2%
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QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 2 4 0
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 25
Number o f  q u e r y  s t a t i o n s  = 2
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0
0 0 1 1 1 1 2 1 1 0 0 0 0 1 2 1 2
1 1 0 1 1 2 3 4 4 3 2 3 2 3 3 4 4
4 5 6 7 6 6 6 5 5 4 4 6 5 4 4 4 4
3 3 2 4 4 4 5 6 6 6 5 5 5 5 4 3 4
3 2 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
1 1 1 0 1 1 1 1 0 0 1 0 2 1 1 1 0
1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 1 1 2 2 2 3 3 3 2 2 3 3 2
0 0 0 0 0 1 1 0 1 0 0 0 0 1 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 1 0 0 0 0 0 0 1 2 2 3
4 4 4 4 4 5 5 5 6 7 8 8 8 8 7 7 6
4 4 5 4 4 3 2 2 1 0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 3 2
1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 2 2
3 3 3 3 2 1 2 1 1 1 0 0 0 1 0 0 0
1 1 1 1 0 0 0 0 0 1 1 1 0 0 0 0 1
1 0 2 2 1 0 1 1 1 0 1 2 2 2 2 1 • 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1
0 0 0 0 1 1 1 2 3 2 1 2 3 2 2 1 0
1 0 0 0 Q 0 0 0 0 0 0 0 0 0 1 2 1
0 0 0 0 0 1 1 1 1 0 0 1 1 1 0 0 0
0 0 0 1 2 1 1 0 0 0 0 1 0 0 0 0 1
0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 : 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 O' 0
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 : 0
0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 2
Queues <= 1 per station: 82% Queues > 1 and <= 2 per station: 9%
Queues > 2 and <= 3 per station: 5% Queues > 3 per station: 2%
0
0
0
1
0
1
0
2
4
4
3
1
0
0
1
0
0
4
5
0
0
0
0
1
1
1
2
2
0
0
0
0
0
0
0
0
0
1
0
1
T-3903 B-7
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 24 0
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 25
Number o f  q u e r y  s t a t i o n s  = 2
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 2 3 4 4 4 3 3 4 5 7 6 5 4 3 3
2 3 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 1 2 2 2 1 2 1 0 0 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 1 1 1 0 1 0 0 0 0 1 2
3 3 3 2 2 1 1 3 2 1 1 0 1 1 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 2 2
2 1 0 0 0 1 1 2 2 2 1 1 1 2 2 1 2
1 2 2 1 1 0 1 0 1 1 0 2 2 2 1 0 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0
2 2 1 2 1 1 1 1 2 2 1 0 0 0 0 0 0
0 0 1 0 0 0 1 2 3 3 2 4 3 2 2 1 3
3 2 1 1 1 0 0 1 0 0 0 0 0 1 1 2 2
4 4 4 3 3 4 3 3 3 3 3 2 2 3 3 4 4
3 4 4 3 3 4 4 5 6 6 6 5 5 5 4 3 3
4 3 3 2 2 1 0 1 0 1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 1 1 1 2 2 1
0 0 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 2 2 1 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
1 3 3 3 2 1 3 3 2 2 2 3 3 3 2 2 3
2 1 1 2 2 3 2 2 3 2 1 1 0 1 0 1 1
3 2 1 2 2 3 3 3 2 2 3 3 2 1 0 1 1
0 0 1 0 0 0 1 2 1 1 2 3 3 2 2 3 3
2 2 2 3 2 2 1 2 1 0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 1 0 1 0 1 1 0 1 1 0
1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0
1 0 1 0 0 1 1 1 0 0 1 0 1 0 0 0 0
0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0
0 0 0 1 1 1 1 1 2 2 1 1 1 1 2 1 2
1 2 1 2 1 1 2 2 2 1 1 0 0 0 0 1 2
4 4 4 5 5 5 5 4 3 2 3 4 4 5 6 6 6
4 3 2 2 2 2 2 1 2 1 0 0 0 0 1 1 0
Queues <= 1 per station: 71% Queues > 1 and <= 2 per station: 22%
Queues > 2 and <= 3 per station: 5% Queues > 3 per station: 1%
0
2
0
0
0
2
1
0
0
0
0
0
3
2
1
1
1
0
4
3
3
4
0
1
0
1
1
3
2
0
2
0
0
1
0
0
2
3
5
0
T-3903 B-8
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 80
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 4
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u eu e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 1 1 1 1 2 2 3 3 3 3 4
3 3 3 3 2 3 3 3 2 2 2 2 2 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 2 1 1 2 2 1 1 1 1 1 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0
0 0 0 0 0 1 2 1 2 3 4 3 3 3 3 3 2
4 5 5 6 6 6 6 5 5 5 6 6 7 7 8 8 7
7 8 8 8 9 9 10 9 9 9 9 9 9 9 9 10 9
9 9 8 8 8 8 8 7 8 8 8 8 8 8 8 8 7
7 7 6 6 6 6 7 6 7 7 7 7 7 8 8 8 7
8 9 8 8 9 9 9 8 8 8 8 7 7 7 7 7 6
8 8 7 7 7 7 7 6 6 7 7 6 6 7 7 8 7
7 7 6 7 7 7 7 6 6 6 6 5 5 5 6 6 6
6 6 5 6 6 7 7 7 7 7 7 6 6 6 7 8 7
7 7 6 8 8 8 8 8 8 8 8 8 8 8 8 9 8
8 8 7 7 7 7 7 6 6 7 7 6 6 6 7 7 6
6 6 5 5 5 5 6 5 6 7 7 7 7 7 7 7 7
7 7 6 6 6 6 6 6 6 6 6 5 5 5 6 7 6
7 8 7 7 7 9 9 8 8 8 8 7 7 7 8 8 7
8 8 7 7 7 7 8 7 7 7 7 6 6 7 7 7 6
6 6 5 5 6 6 6 5 5 5 5 5 5 5 5 5 4
4 4 3 3 3 3 3 2 3 3 4 4 4 4 4 4 3
3 3 2 2 2 3 3 2 2 2 2 1 1 1 1 1 0
1 1 1 2 2 2 2 1 1 1 1 1 1 1 1 1 0
0 0 0 o- 0 0 0 0 0 0 1 1 2 2 2 2 2
2 2 2 2 1 1 1 2 2 3 3 3 3 3 3 3 4
4 4 5 5 4 4 4 4 3 3 3 3 3 2 2 2 2
2 2 3 4 3 3 3 3 2 2 2 2 2 1 1 1 1
1 1 3 3- 3 3 3 3 2 2 2 2 2 1 1 1 1
1 2 2 2 1 1 1 1 0 1 2 2 2 1 2 2 2
1 1 1 1 1 2 3 3 2 2 2 2 3 2 2 2 2
1 1 1 1 0 1 1 1 0 1 1 1 2 2 2 2 2
2 2 3 3 2 2 2 2 1 1 1 1 1 1 1 2 2
2 2 3 3 3 3 3 3 2 2 3 ' 3 3 2 2 2 2
1 2 2 2 1 1 1 2 2 2 2 2 2 1 1 1 1
1 1 2 2 1 1 1 1 0 0 0 0 1 0 0 0 0
0 0 1 1 1 2 2 3 3 3 3 3 4 3 3 3 3
2 2 2 2 1 1 1 2 1 2 2 2 2 1 1 1 1
0 1 1 1 : 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0
Queues <= 1 per station: 59% Queues > 1 and <= 2 per station: 28%
Queues > 2 and <= 3 per station: 11% Queues > 3 per station: 0%
3
0
0
0
0
3
7
9
7
7
8
7
6
7
8
6
7
7
8
6
4
3
1
0
1
3
2
1
0
1
1
1
1
1
0
0
2
0
0
0
T-3903 B-9
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 80
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 4
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u eu e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2
2 2 3 3 4 4 5 5 5 4 4 4 4 4 5 5 5
5 5 5 5 4 4 4 4 4 3 3 4 4 3 3 3 4
4 4 4 4 3 3 3 3 3 2 2 2 2 2 2 2 2
2 2 2 2 1 1 1 1 1 1 1 1 2 1 1 2 2
1 1 1 1 0 0 0 0 1 0 1 1 1 0 0 0 1
1 2 2 2 1 1 2 2 2 1 1 1 2 1 1 1 1
1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1
2 2 2 3 2 2 2 2 2 1 1 1 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 0 1 1 1 1 1 1 1 2 2 3 3 3 2 2
2 2 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 2 2 1 1 1 1 1 2 2 2 2
1 2 2 1 2 2 2 3 2 2 2 2 2 2 2 2 3
2 2 2 1 1 1 2 3 2 2 2 2 1 1 2 2 2
1 2 2 2 2 3 3 3 2 3 4 4 4 4 4 4 5
5 5 5 5 5 5 5 5 4 4 4 4 3 3 3 3 3
3 3 4 4 4 4 5 5 4 4 4 4 3 3 3 3 3
2 2 2 1 1 1 1 1 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 2 1 1 1 1 2
2 2 2 1 1 2 2 1 1 1 1 1 1 2 2 2 1
2 2 3 2 2 2 2 1 1 2 2 2 1 1 3 3 2
2 2 2 1 1 1 1 0 0 0 1 1 0 0 0 1 0
0 2 2 1 1 3 3 2 2 2 2 2 1 1 1 1 1
1 1 1 1 2 2 3 3 3 4 4 4 3 3 3 3 2
3 4 4 3 3 3 4 5 6 6 6 6 5 5 5 5 4
4 4 4 4 4 4 5 4 4 4 4 4 3 3 4 4 3
5 5 6 5 6 6 7 6 7 8 8 8 7 7 8 8 7
8 8 8 7 7 7 7 7 7 7 7 7 6 6 6 7 6
6 6 6 6 6 6 6 5 5 5 5 5 4 4 4 4 3
3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 2
3 3 3 2 3 3 3 2 2 2 2 2 1 1 1 2 1
1 1 2 1 1 1 1 0 0 0 0 1 1 1 1 2 1
2 2 2 1 1 1 3 2 3 3 3 3 3 3 3 3 2
2 3 3 2 2 3 3 2 2 2 2 3 2 3 4 4 3
3 3 3 2 2 2 3 2 2 2 2 3 5 6 7 7 7
7 8 8 7 7 7 8 7 7 7 7 7 6 6 6 7 6
6 7 7 6 6 7 7 7 7 7 7 8 8 8 8 8 7
Queues <= 1 per station: 73% Queues > 1 and <= 2 per station: 23%
Queues > 2 and <= 3 per station: 2% Queues > 3 per station: 0%
0
2
6
4
2
2
2
1
2
0
0
2
0
1
2
1
5
3
2
0
0
2
1
2
0
1
2
4
4
8
6
3
2
1
2
2
3
7
6
8
ARTHUR LAKES L fe iv . , -  
COLOslF-DO SCHOOL oi KlNEt 
GOLDEN, COLORADO 80401
T-3903 B-10
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 80
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 4
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0
0 1 1 1 1 1 1 0 0 0 0 0 1 1 2 2 1
1 1 0 1 1 1 1 1 2 2 3 2 3 3 3 2 4
7 7 6 6 7 8 7 7 7 7 7 6 6 6 6 7 8
8 8 7 7 7 7 7 9 9 10 10 9 9 9 9 9 9
9 10 9 9 9 9 8 8 9 9 9 9 9 9 9 8 8
9 9 8 9 10 10 9 9 9 9 9 8 8 8 8 7 7
7 7 7 7 7 7 6 6 6 6 6 5 5 5 5 4 4
4 5 4 4 5 5 5 5 5 5 5 4 4 4 4 4 5
5 6 5 5 5 7 6 6 6 6 6 5 5 5 5 4 4
6 7 6 6 7 8 8 8 9 9 10 9 9 9 9 8 8
8 8 7 8 9 9 9 9 9 10 10 9 10 10 10 9 9
9 10 9 10 10 10 9 9 9 9 9 8 8 8 8 7 7
7 7 7 7 8 8 7 8 9 9 9 8 8 8 8 7 7
7 7 6 6 6 6 5 5 5 5 6 5 5 6 7 7 8
9 9 8 8 8 8 8 9 9 9 9 8 8 8 8 8 8
8 9 8 9 9 9 8 9 9 9 10 9 9 9 10 9 9
9 9 8 8 8 9 8 8 8 9 10 9 10 10 10 9 9
9 9 8 9 9 9 8 8 8 8 8 8 9 9 9 8 8
9 9 8 8 8 8 7 7 8 9 9 9 9 9 9 9 9
9 9 8 8 9 9 8 10 10 10 10 9 9 10 10 10 10
10 10 9 9 9 10 10 10 11 11 11 10 10 10 10 9 9
9 9 8 8 8 8 7 7 8 8 8 7 7 7 8 7 7
8 9 8 8 8 8 8 8 9 9 9 8 8 8 8 7 8
9 10 9 9 9 9 8 8 8 8 9 8 10 10 10 9 9
9 9 8 9 10 10 9 9 10 11 12 11 11 11 12 11 11
14 14 13 14 15 16 15 15 15 15 15 14 14 14 14 13 14
14 14 13 13 13 13 12 12 12 12 13 12 12 12 12 11 11
11 11 10 10 10 10 9 9 9 9 9 9 10 10 10 10 10
10 10 10 10 10 10 10 10 10 11 11 11 11 11 11 10 10
10 10 9 9 9 9 8 9 9 9 9 8 9 10 10 10 10
10 11 10 10 10 10 9 10 10 10 10 9 10 10 10 9 9
9 9 8 8 9 9 8 8 8 8 8 8 8 8 8 7 7
7 7 6 6 6 6 5 5 5 5 5 4 4 4 4 3 4
5 5 4 4 5 5 4 5 5 5 5 4 4 4 4 4 4
5 5 4 4 4 4 3 3 6 6 7 9 9 10 11 10 10
11 12 11 11 11 11 10 11 11 11 11 10 10 10 10 10 10
13 14 14 14 14 14 13 15 15 15 15 14 14 14 14 13 14
15 15 14 14 14 14 13 13 13 13 14 14 14 14 14 13 13
Queues <= 1 per station: 10% Queues > 1 and <= 2 per station: 23%
Queues > 2 and <= 3 per station: 56% Queues > 3 per station: 10%
0
0
1
5
8
9
8
7
4
5
4
8
9
7
7
9
8
9
9
9
9
10
9
8
9
9
12
14
11
10
10
10
9
7
5
4
11
11
15
13
T-3903 B-ll
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 80
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 4
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 1 2 2 1 1 1 1
0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 1 1
0 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
1 1 1 0 0 2 3 2 2 2 2 1 1 2 2 2 1
1 2 1 1 1 1 2 1 1 2 2 1 1 1 1 1 0
0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 2
4 3 3 4 4 3 3 . 3. 3 3 3 3 4 4 3 3 3
3 3 4 4 4 3 3 3 3 3 2 2 4 5 4 4 4
4 5 6 7 7 6 6 6 6 6 6 6 7 8 7 7 7
8 7 7 7 7 6 6 7 7 7 6 6 6 6 5 5 6
6 5 6 6 6 6 6 6 7 7 6 6 7 7 6 6 6
6 6 6 6 6 6 6 6 7 7 6 6 6 6 5 5 5
8 8 8 8 8 7 7 8 8 8 7 7 7 8 7 8 8
8 7 7 7 7 7 7 7 7 8 7 8 8 8 7 9 9
10 9 9 9 9 8 9 10 10 10 9 9 9 9 8 8 9
9 9 9 10 10 9 9 9 9 9 8 8 8 8 8 8 8
9 9 9 9 9 8 8 8 9 9 8 8 8 8 7 7 7
7 6 6 7 7 6 6 6 6 6 5 6 6 7 7 7 7
8 7 7 7 8 8 9 9 9 9 8 9 9 9 8 8 8
8 8 8 9 10 9 9 10 10 10 9 9 9 9 9 9 9
10 9 9 9 10 9 9 9 9 9 8 8 9 9 8 10 10
10 10 11 11 11 10 10 10 10 10 10 11 12 12 11 11 11
11 10 10 10 10 9 9 9 9 10 9 9 9 9 9 9 10
11 10 10 10 10 9 9 9 9 10 9 10 10 10 9 10 10
10 10 10 10 10 9 10 10 10 10 9 9 9 9 8 9 10
10 9 11 11 11 11 11 12 12 13 12 13 13 13 12 12 12
12 11 11 11 11 10 10 10 10 10 9 9 9 9 8 8 8
8 7 7 7 8 7 7 7 7 7 6 6 6 6 5 6 6
6 5 6 7 7 6 7 7 7 7 6 6 7 7 6 6 6
7 7 7 7 8 8 9 9 11 11 10 10 10 11 10 10 10
10 9 9 9 9 8 8 9 9 9 8 8 8 9 9 9 9
10 9 9 9 10 10 10 10 10 11 10 10 10 11 10 10 11
11 11 11 11 11 10 10 10 11 11 10 10 10 10 9 9 9
10 10 10 10 10 9 9 9 9 9 8 8 8 8 7 7 8
8 7 8 8 9 9 9 9 9 9 8 8 9 9 8 9 9
‘9 8 8 8 8 7 7 7 7 8 7 7 7 7 6 6 6
8 7 7 7 7 6 7 7 7 7 6 7 7 7 7 8 8
9 8 9 10 10 9 11 11 11 11 10 10 10 10 9 9 10
10 9 9 9 9 8 8 8 8 8 7 7 8 9 8 8 8
Q ueues <= 1 p e r  s t a t i o n : 20% Q u eu es > 1 and <= 2 p e r s t a t i o n : 26%Queues > 2 and <= 3 per station: 50% Queues > 3 per station: 1%
0
1
1
1
1
0
2
3
4
7
6
6
8
8
10
9
8
7
8
8
9
10
11
11
10
10
12
8
6
6
10
9
11
9
8
9
6
8
10
8
T-3903 B-12
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 20
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 1
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t - t h e  num ber o f  r e q u e s t s  i n  t h e  q u e u e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 2 2 2 2 2 2 2 2 2 2 2 1
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1
1 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 3
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4
4 5 5 5 5 6 7 7 7 7 7 7 7 7 7 7 7
6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5
4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5
4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5
4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5
4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5
4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1 1 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1 1 1 1 1 2 2 2 2 2 2 2 2 2 3 3 4
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 3 3 3 4 4 4 4 4 4 4 4 4 4 4
3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
3 3 3 3 3 3 4 4 4 4 4 5 5 5 5 6 6
5 5 5 5 5 5 5 5 5 5 6 6 6 6 7 7 7
6 6 6 6 6 7 7 7 7 8 8 8 8 8 8 8 8
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8
7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8
7 7 7 7 8 8 9 9 10 10 10 10 10 10 10 10 10
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8
Q ueues  <= 1 p e r  s t a t i o n :  3% Q u eu es  > 1 and  <= 2 p e r  s t a t i o n :  2% 
Q ueues  > 2 and <= 3 p e r  s t a t i o n :  15% Q u eu es  > 3 p e r  s t a t i o n :  78%
0
2
1
4
3
3
4
6
6
5
4
4
4
4
4
4
4
4
32
1
2
1
3
2
1
2
3
3
5
6
7
6
7
7
9
8
7
7
7
T-3903 B-13
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 20
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 1
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u eu e  a t  
10 s e c o n d  i n t e r v a l s .
Each l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1
1 1 1 1 2 2 2 1 1 1 1 1 i 1 1 1
1 1 2 2 2 2 2 1 1 1 1 1 i 1 1 1
1 1 2 2 2 2 3 2 2 2 2 2 2 2
2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1
1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1
2 3 3 3 3 3 4 3 3 3 4 4 4 4 4 4 4
4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 3 3 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 2 2 1 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 1 1 1 1 1 1 2 2 2
2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1
1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 2 2
3 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4
5 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 3 3 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 3 3 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 2 2 1 2 2 2 2 2 2 2 2
2 2 2 2 2 2 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1
1 2 2 2 2 2 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 0 0 0 a 1 1 1 1 1
0
0
1
1
1
2
1
1
1
2
4
3
4
3
2
1
1
2
2
1
1
3
3
4
4
4
4
3
2
1
0
0
0
1
2
Queues <= 1 per station: 18% Queues > 1 and <= 2 per station: 35%
Queues > 2 and <= 3 per station: 18% Queues > 3 per station: 27%
T-3903 B-14
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 20
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 1
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u eu e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 1 0 0 0 0 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 .3 3
3 3 3 3 3 3 3 3 3 2 2 2 3 3 3 3 3
3 3 3 3 3 3 4 4 4 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 2 2 2 2 3 3 3 3
3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 3
3 3 3 3 3 3 3 4 4 3 3 3 3 3 3 3 3
3 3 3 3 3 4 4 4 4 3 3 3 3 3 3 3 3
4 4 4 4 4 4 5 5 5 5 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 4
4 4 5 5 5 5 5 5 6 6 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 3 3
3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1
1 1 1 1 1 1 1 1 1 0 0 0 0 0 0. 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Queues <= 1 per station: 48% Queues > 1 and <= 2 per station: 10%
Queues > 2 and <= 3 per station: 7% Queues > 3 per station: 33%
0
0
0
0
0
0
0
0
0
0
1
1
3
3
3
3
3
3
3
3
4
4
5
4
3
3
2
2
1
0
0
0
0
0
1
1
0
0
0
0
T-3903 B-15
QUERY REQUEST QUEUE SIMULATION
Maximum r e q u e s t s  p e r  h o u r  = 20
A v e r a g e  r e q u e s t  p r o c e s s  t i m e  i n  s e c o n d s  = 180
Number o f  q u e r y  s t a t i o n s  = 1
S i m u l a t i o n  t i m e  p e r i o d  i s  2 h o u r s
E n t r i e s  r e p r e s e n t  t h e  num ber o f  r e q u e s t s  i n  t h e  q u eu e  a t  
10 s e c o n d  i n t e r v a l s .
E ach  l i n e  r e p r e s e n t s  3 m i n u t e s  o f  s i m u l a t i o n .
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 1 1 1 1 1. 1 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 1 0 0 1 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0
0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Queues <= 1 per station: 65% Queues > 1 and <= 2 per station: 20%
Queues > 2 and <= 3 per station: 14% Queues > 3 per station: 0%
T-3903 C-l
A ppendix C
COMPARISON OP PACE SYSTEM AND DPD QUERY CAPABILITIES 
PACE DPD
P ace Num ber Query: O ffense D atabase:
Menu allows user to query a Allows similar functions; current
specific case and print one of hardware and software limitations
ten portions or all of the case. on production of hardcopies.
B u sin ess Nam e P ossib le No com parable fu n ctio n .
M atch:
A udit F un ction s: No com parable fu n ction .
T-3903 C-2
G eneral Query: G eneral Query:
Allows selection of databases to Will simultaneously perform
be queried: queries on equivalent databases:
Name Index (NI) Performs specified level 1 or level 2
Department Reports (DR) queries which is designed for MDT
Arrests response. Involvement code fields
Field Interrogations are returned for level 2 queries of
NCIC/ACIC the Offense database, other codes
DMV are implied by the nature of the 
database. May be performed from
Name Index and Department MDTs, CAD, and standard
Reports require involvement terminals. Standard terminals
codes of witness, victim (DR perform detailed PDB database
only), known offender (NI only), queries.
suspect, investigative lead (DR
only), and wanted person (NI
only).
T-3903 C-3
P ersons P ossib le M atch: O ffenses. JMARS. and C ontact
Cards:
Allows matching on the Allows matching in the PACE fields
following fields: plus Height, Weight, Hair, Eye
Name fields.
Race
Sex ID system will m atch and provide
ID Number m ug shot and fingerprint images of
Date suspects.
DOB
Returns Height, Weight, Hair,
Eye.
T-3903 C-4
V eh icle  G eneral Query: NCIC/CCIC. DMV. O ffense and
C ontact
Cards databases:
Searches NCIC/ACIC, DMV, Provide the same function bu t
Impound, DR, Known Offender, m ust be searched separately.
Arrest and FI
for vehicle m atches. Searches
above databases Plate Number
and VIN; searches all b u t
NCIC/CCIC and DMV by
Vehicle descriptor fields.
C ost: Cost:
$13 million for new hardware Uses hardware currently available
and software. or under procurement,
approximately $50 thousand in
software development costs.
T-3903 D-l
A ppendix D 
ACRONYM GLOSSARY
ANSI - American National Standards Institute
CAD - Computer Aided Dispatch System
CAPD - Crimes Against Persons Division
CCIC - Colorado Crime Information Center
DBMS - Database Management System
DCWW - Denver County W ants and W arrants Database
DMV - Department of Motor Vehicles
DPD - Denver Police Department
DUI - Driving Under the Influence
DWI - Driving While Impaired
FI - Field Interrogations
ISD - Information Service Division
ISN - Information System Network
JMARS- Jail Management and Reporting System
MDT - Mobile Display Terminal
MNI - M aster Name Index
MPU - Message Processing Unit
NCIC - National Crime Information Center
PDB - Police D ata Bureau
SQL - Structured Query Language
VIN - Vehicle Identification Number
